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Ga first edition of Carnegie Pocket Companion appeared 
in 1872 and was issued by Carnegie, Kloman & Company, Pro- 


prietors, Union Iron Mills, Pittsburgh, Pa. 


Immediately on its appearance this book became indispensable 
to users of structural iron. More than any other single publication 
this book and its successive editions have served to advance the 
interests of standardization in structural practice. Since July 1896, 
about 254, 000 copies have gone into the hands of engineers, architects 


and builders. 


So far as practicable each successive edition has been placed 
abreast of the most approved methods in structural design. Each 
successive edition, therefore, records the stages of development in 
the manufacture of structural steel and its fabrication into bridges, 


buildings, cars and ships. 


The sections illustrated in the profiles and tables are those 
deemed most suitable for use in bridge, building, locomotive, car 
and ship construction. A complete list of all the sections rolled by 
Carnegie Steel Company, together with tables of weights and other 


data in regard to these products, is given in Shape Book. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 


PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS 


STANDARD SPECIFICATIONS 


FOR 


STRUCTURAL STEEL FOR BRIDGES 


SERIAL Designation: A7-16. 


These specifications are issued under the fixed designation A 7; the 
final number indicates the year of original adoption as standard or, in the 
case of revision, the year of last revision. 


Avoprep, 1901; Reyisep, 1905, 1909, 1913, 1914, 1915, 1916. 


1. Steel Castings. The Standard Specifications for Steel Castings 
(Serial Designation A-27) adopted by the American Society for 
Testing Materials shall govern the purchase of steel castings for 
bridges. Unless otherwise specified, Class B castings, medium 
grade, shall be used. 


I. MANUFACTURE 


2. Process. The steel shall be made by the open-hearth process. 


Il. CHEMICAL PROPERTIES AND TESTS 


3. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 


SrructTuRAL STHEL River Sree. 
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4. Ladle Analyses. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of carbon, 
manganese, phosphorus and sulphur. This analysis shall be made 
from a test ingot taken during the pouring of the melt. The chemical 
composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements specified 
in sec. 3. 

5. Check Analyses. Analyses may be made by the purchaser from 
finished material representing each melt. The phosphorus and 
sulphur content thus determined shall not exceed that specified in 
sec. 3 by more than 25 per cent. 


Ill. PHYSICAL PROPERTIES AND TESTS 


6. Tension Tests. (a) The material shall conform to the follow- 
ing requirements as to tensile properties: 


2 
Properties Considered | Suter | pe 

Tensile strength.........lb. per sq. inch) 55,000-65,000a | 46,000—56,000 
Wield point) min.+ ......+ lb. per sq. inch) 0.5 tens. str. 0.5 tens. str. 
Pleneation in & inch is ercent| 2:200,0000 1,500,000 

ongation in 8 inches, min.....p LapEeatel eae 
Elongation in 2 inches, min..... per cent] Oe UT br oa 

a See par. (6). ~ b See sec. 7. 


(b) In order to meet the required minimum tensile strength of 
full-size annealed eye bars, the purchaser may determine the tensile 
strength to be obtained in specimen tests, the range shall not 
exceed 14,000 lb. per sq. inch and the maximum shall not exceed 
74,000 Ib. per sq. inch. The material shall conform to the 
requirements as to physical properties other than that of tensile 
strength, specified in sec. 6, 7 and 8 (b). 

(c) The yield point shall be determined by the drop of the 
beam of the testing machine. 

7. Modifications in Elongation. (a) For structural steel over 34 
inch in thickness, a deduction of 1 from the percentage of elongation 
in 8 inches specified in sec. 6 (a) shall be made for each increase 
of \% inch in thickness above 34 inch to a minimum of 18 per cent. 

(b) For structural steel under %6 inch in thickness, a deduc- 
tion of 2.5 from the percentage of elongation in 8 inches specified 
in sec. 6 (a) shall be made for each decrease of 4¢ inch in thickness 


below 46 inch. 
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8. BendTests. (a) The test specimen for plates, shapes and 
bars, except as specified in par. (b), (c) and (d), shall bend cold 
through 180 degrees without cracking on the outside of the bent 
portion, as follows: For material 34 inch or under in thickness, flat 
on itself; for material over 34 inch to and including 114 inch in 
thickness, around a pin the diameter of which is equal to the 
thickness of the specimen; and for material over 114 inch in thickness, 
around a pin the diameter of which-is equal to twice the thickness of 
the specimen. 

(b) The test specimen for eye-bar flats shall bend cold through 
180 degrees without cracking on the outside of the bent portion 
as follows: For material 34 inch or under in thickness, around a 
pin the diameter ot wnich is equal to the thickness of the specimen; 
for material over 34 inch to and including 144 inch in thickness, 
around a pin the diameter of which is equal to twice the thickness 
of the specimer; and for material over 114 inch in thickness, 
around a pin the diameter of which is equal to three times the 
thickness of the specimen. 
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Ficgure 1. 


(c) The test specimen for pins, rollers and other bars, when 
prepared as specified in sec. 9 (e), shall bend cold through 180 
degrees around a 1-inch pin without cracking on the outside of the 
bent portion. 


(d) The test specimen for rivet steel shall bend cold through 
180 degrees flat on itself without cracking on the outside of the 
bent portion. 


9. Test Specimens. (a) Tension-and bend-test specimens shall 
be taken from rolled steel in the condition in which it comes from 
the rolls, except as specified in par. (0). 

(b) Tension-and bend-test specimens for pins and rollers shall 


be taken from the finished bars, after annealing when annealing 
is specified, 
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(c) Tension-and bend-test specimens for plates, shapes and | 
bars, except as specified in par. (d), (e) and (f), shall be of the full 
thickness of material as rolled. They may be machined to the 
form and dimensions shown in fig. 1, or with both edges parallel; 
except that bend-test specimens for eye-bar flats may have three 
rolled sides. , 


Heo ee Deere onan 


<--~ 2'Gage length 


NOTE:—tThe gage length, parallel portions and fillets shall be as 
shown, but the ends may be of any form which will fit 
the holders of the testing machine. 


Fiaure 2. 


{d) Tension-and bend-test specimens for plates, and tension- 
test specimens for eye-bar flats, over 114 inch in thickness may be 
machined to a thickness or diameter of at least 34 inch for a length 
of at least 9 inches. 


(e) Tension-test specimens for pins, rollers and bars (except 
eye-bar flats) over 11% inch in thickness or diameter may conform 
to the dimensions shown in fig. 2. In this case the ends shall be 
of a form to fit the holders of the testing machine in such a way 
that the load shall be axial. Bend-test specimens may be 1 by 
Y% inch in section. The axis of the specimen shall be located at 
any point midway between the center and surface and shall be 
parallel to the axis of the bar. 


(f) Tension-and bend-test specimens for rivet steel shall be of 
the full-size section of bars as rolled. 


10. Number of Tests. (a@) One tension-and one bend test shall 
be made from each melt; except that if material from one melt 
differs 34 inch or more in thickness, one tension-and one bend test 
shall be made from both the thickest and the thinnest material 
rolled. 


(b) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 


(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 6 (a) and any part of the fracture | 


ue 
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ig more than 34 inch from the center of the gage length of a 2-inch 
specimen or is outside the middle third of the gage length of an 
8-inch specimen, as indicated by scribe scratches marked on the 
specimen before testing, a retest shall be allowed. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS. 


11. Permissible Variations. The cross-section or weight of each 
piece of steel shall not vary more than 2.5 per cent from that 
specified; except in the case of sheared plates, whieh shall be covered 
by the following permissible variations. One cubic inch of rolled 
steel is assumed to weigh 0.2833 pounds. 

(a) When Ordered to Weight per Square Foot :— 
The weight of each lot! in each shipment shall not vary from the 
weight ordered more than the amount given in Table I. 


TABLE I1.—PERMISSIBLE VARIATIONS OF PLATES 
ORDERED TO WEIGHT 


PERMISSIBLE VARIATIONS IN AVERAGE WEIGHTS 
PER Square Foor or Pirates ror Wiptas Given, 
EXPRESSED IN PrrcentTacEs OF OrpERED WEIGHTS 
Ordered ] 

Weight, 48 in. | 60 in. | 72in. | Sdin. | 96in. | 108in.| 120in.| _... 
Pounds Under to to | to to to) to to 132 in 

per 48 in. | 60 in. | 72in. | S4in. | 96 in. | 108in.| 120in.| 132 in. Be 

Square Foot excl. | excl. | excl. | excl. | excl. | excl. | excl. over 
aise Nace dee eh seedy eee Tiees Ife pe 4) edo [pe Pte peu ccs lt es 

S/S S| a) Se) Si s/f /e] Pe] Piel 2] se! Sle 

O/PlTOlE| opel olrplo fi OU ie ES ey hase hi 

Fi *\ ae | | : | | 

Under 5... Owe lee OPO S ae OR ess an lede mS al lloras | eyes een ese ene elites Wesel eee 
3) lon Piers Colla SEY MPR Ba ldaasy Gye 18300| celine lean etal arcallantilerewl|neeellmoedlonn 
7.5 to 10 © Sees SASS BS) Voss: |GRS) 7 1Se Sisal elie ea 
10 to12.5 “ (3.52.54 (8 |4.58 [5 8 15.53 6 3 I7 13 Ig 8 I9 3 
12.5 to 15 “13 |2.5/3.5/2.514 |3 |4.53 |5 13 [5.5133 16 3 I7 18 |8 13 
15 to17.5 “ |2.5/2.5/3 |2.5/8.5/2.5/4 13 |4.518 |5 18 15.518 |6 |3 |7 13 
17.5 to 20 “(2.5/2 |2.5/2.5/3 /2.5/3.5/2.514 13 1|4.53 (5 (8 |5.53 |6 3 
20 to 25 “12 |2 (2.5/2 |2.5/2.5/3 |2.5/8.5/2.5/4 |8 14.5188 15 |8 15.513 
25 to 30 “(2 |2 |2 |2 |2.5/2 |2.5/2.513 12.513.518 |4 18 |4.518 15 13 
30 to 40 “* 12 12 /2 j2 12 [2 j2.5/2 \o.5la.5i8 los5is.si |4 8 |4.518 
AOFOR OVER ac. (2 12/2 12) Wh 2S 2) Osa 1D 2.5/2.5/3  |2.5/3.5)3 [4 3 


Norr.—The weight per square foot of individual plates shall not vary from the ordered weight 
by more than 114 times the amount given in this table. 


(b) When Ordered to Thickness :— 
The thickness of each plate shall not vary more than 0.01 inch 
under that ordered. 
The overweight of each lot? in each shipment shall not exceed the 
amount given in Table IT. 


1The term ‘‘lot” applied to Table I means all of the plates of each group width and group weight. 
2The term ‘‘lot’’ applied to Table II means all of the plates of each group width and group thickness. 
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TABLE II.—PERMISSIBLE OVERWEIGHTS OF PLATES 
ORDERED TO THICKNESS 


PrrmissisLe Excess in AVERAGE WEIGHTS 
per Square Foor or Pirates ror Wiprus Given, 
| Expressep in Prrcentaces or NoMINAL WEIGHTS 
Ordered 
Thickness, 
Inches 48 in. | 60in. | 72 in. | 84 in. | 96 in. | 108 in. | 120 in. 
Under | to to to to to to to | 182in 
48 in. | 60in. | 72 in. | 84in. | 96 in. | 108 in. | 120in.| 132in.| OF 
excl. | excl. | excl. | excl. | excl. | excl. | excl. | Ver 
Under \% 9 10 12 14. rye 
44 to %e excl 8 9 10 12 Snore 
346 to 14 i 8 9 10 12 fen 
4 to%e “ 6 7 8 9 10 12 14 16 19 
“eto % © 5 6 of 8 9 10 12 14 ites 
3% to Ae * 4.5 5) 6 7 8 9 10 12 15 
eto 4% * 4 4.5 5 6 a 8 9 10 13 
4% to % “* 3.5 4 4.5 5 6 7 8 9 tht 
5g to 94 3 5) 4 4.5 5 6 i 8 9 
% to 1 Be aoe Serer aoe 453 3 3.5 4 4.5 5 6 ai 8 
ProrOy ten eee eo 2.5 3 3.5 4 4.5 5 6 7 
V. FINISH 


12. Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 


VI. MARKING 


13. Marking. The name or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all finished 
material, except that rivet and lattice bars and other small sections 
shall, when loaded for shipment, be properly separated and marked 
for identification. The identification marks shall be legibly stamped 
on the end of each pin and roller. The melt number shall be 
legibly marked, by stamping, if practicable, on each test specimen. 


VII. INSPECTION AND REJECTION 


14. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except check 
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analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 

15. Rejection. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 


(b) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified.’ 


16. Rehearing. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 


PHILADELPHIA, PA., U. 8. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS 


STANDARD SPECIFICATIONS 


FOR 


STRUCTURAL NICKEL STEEL 


SerrIaAL DESIGNATION: A8-16. 


These specifications are issued under the fixed designation A 8; the final 
number indicates the year of original issue or, in the case of revision, the 
year of last revision. 


Apoprep, 1912; Revisepo, 1913, 1914, 1916. 


I. MANUFACTURE 


1. Process. The steel shall be made by the open-hearth process. 

2. Diseard. A sufficient discard shall be made from each ingot 
intended for eye bars to secure freedom from injurious piping and 
undue segregation. 


Il CHEMICAL PROPERTIES AND TESTS 


3. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 


STRUCTURAL STEEL Rivet Sree, 
CALVO oer hac rele fue not over 0.45 per cent not over 0.30 per cent 
Manganese. ...--50+06 “ A tb el ce gn 0.60 ‘ bs 
4 oe “ee 5 “e ee “ee “se 0.04 ae “e 
Phosphorus! pu ‘ : i 3 We PP ven Vee “ « 993% « 
Sulphur... ge erate a eb 0106) “4 1 ic re 0.45 “* £6 
MGSO gato ole Piano ees not under3.25 “ ‘ not under 3.25 “ ‘* 
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4, Ladle Analyses. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of the elements 
specified in sec. 3. This analysis shall be made from a test ingot 
taken during the pouring of the melt. The chemical composition 
thus determined shall be reported to the purchaser or his representa- 
tive, and shall conform to the requirements specified in sec. 3. 


5. Check Analyses. Analyses may be made by the purchaser from 
finished material representing each melt. The chemical composition 
thus determined shall conform to the requirements specified in sec. 3. 


Ill, PHYSICAL PROPERTIES AND TESTS 


6. Tension Tests. (a) The material shall conform to the 
following requirements as to tensile properties: 


Eye Bars and Eye Bars, a and 
Properties Considered| Rivet Steel ihe Shapes Rollers, ¢ Pins, c 


nd Bars Unannealed Annealed 


Tensile strength, | 
lb. per sq. inch)70,000—80,000 85,000—100,000 95,000—110,000/90,000-105,000 
Yield point, min., 
Ib. per sq. inch) 45,000 50,000 55,000 52,000 
Elongation in 
8 inches, 1,500,000 1,500,000 1,500,000 


rau, Der Cony 7 ens..atr, tens. str. tens. str. 
Elongation in 

2 inches, 

INTIS POLS COMME erat csatereie ei useerallisiovers cance eveiotes tis 16 20 


Reduction of area | | 
min., per cent 40 25 | 25 35 


20 


a Tests of annealed specimens of eye bars shall be made for information only. 
6 See sec. 7. 


¢ Elongation shall be measured in 2 inches. 


(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 


7. Modifications in Elongations. For plates, shapes and unannealed 
bars over 1 inch in thickness, a deduction of 1 from the percentage 
of elongation specified in sec. 6 (a) shall be made for each increase 
of ) inch in thickness above 1 inch, to a minimum of 14 per cent. 


8. Character of Fracture. All broken tension-test specimens shall 
show either a silky or a very fine granular fracture, of uniform 
color, and free from coarse crystals. 


9. BendTests. (a2) The test specimen for plates, shapes and 
bars shall bend cold through 180 degrees without cracking on the 
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outside of the bent portion, as follows: For material 34 inch or 
under in thickness, around a pin the diameter of which is equal to 
the thickness of the specimen; and for material over 34 inch in 
thickness, around a pin the diameter of which is equal to twice the 
thickness of the specimen. 

(0) The test specimen for pins and rollers shall bend cold 
through 180 degrees around a 1-inch pin without cracking on the 
outside of the bent portion. 

(c) The test specimen for rivet steel shall bend cold through 
180 degrees flat on itself without cracking on the outside of the 
bent portion. 

10. Drift Tests. Punched rivet holes pitched two diameters 
from a planed edge shall stand drifting until the diameter is enlarged 
50 per cent, without cracking the metal. 

11. Test Specimens. (a) Tension-and bend-test specimens shall 
be taken from the finished material. Specimens for pins shall be 
taken after annealing. 


Ficure 1. 


(b) Tension-and bend-test specimens for plates, shapes and 
bars, except as specified in par. (c), shall be of the full thickness 
of material as rolled. They may be machined to the form and 
dimensions shown in fig. 1, or with both edges parallel; except 
that bend-test specimens shall not be less than 2 inches in width, 
and that bend-test specimens for eye-bar flats may have three 
rolied sides. 

(c) Tension-and bend-test specimens for plates and bars (except 
eye-bar flats) over 144 inch in thickness or diameter may be 
machined to a thickness or diameter of at least 34 inch for a length 
of at least 9 inches. . 

(d) The axis of tension-and bend-test specimens for pins and 
rollers shall be 1 inch from the surface and parallel to the axis of 
the bar. Tension-test specimens shall conform to the dimensions 
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shown in fig. 2. The ends shall be of aform to fit the holders of 
the testing machine in such a way that the load shall be axial. Bend- 
test specimens shall be 1 by 1% inch in section. 


(e) Tension-and bend-test specimens for rivet steel shall be of 
the full-size section of bars as rolled. 


12. Number of Tests. (a) One tension-and one bend test shall 
be made from each melt; except that if material from one melt 
differs 3g inch or more in thickness, one tension-and one bend test 
shall be made from both the thickest and the thinnest material 
rolled. 


(b) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 


NOTE:—tThe gage length, parallel portions and fillets shall be as 
shown, but the ends may be of any form which will fit the 
holders of the testing machine. 


FIGURE 2. 


(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 6 (a) and any part of the fracture 
is more than 34 inch from the center of the gage length of a 
2-inch specimen or is outside the middle third of the gage length 
of an 8-inch specimen, as indicated by scribe scratches marked on 
the specimen before testing, a retest shall be allowed. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS 


13. Permissible Variations. The cross-section or weight of each 
piece of steel shall not vary more than 2.5 per cent from that 
specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations. One cubic inch 
of rolled steel is assumed to weigh 0.2833 pound. 


(a) When Ordered to Weight per Square Foot:— 


The weight of each Jot+ in each shipment shall not vary from the 
weight ordered more than the amount given in Table I. 


1The term ‘‘lot” applied to Table I means all of the plates of each group width and group weight. 
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TABLE I.—PERMISSIBLE VARIATIONS OF PLATES 
ORDERED TO WEIGHT 


PrermissipLp VARIATIONS IN AVERAGE WHIGHTS 

PER SQuARE Foor or Piares ror Wiprus Given, 

EXxpressep IN PERCENTAGES OF ORDERED WEIGHTS 
eight, 48 in. | G0in. | 72in. | 84 in. | 96 in. | 108 in.| 120 in. : 
Pounds Under to to to to to to to 182 in. 
s ae 48in. | 60in. | 72in. | 84in. | 96 in. | 108 in.| 120 in.| 132 in. oe 
quare Foot excl. | excl. | excl. | excl. | excl. | excl. | excl. |, CV 
EPS Sher ena es) a er =r | Sr t=) & 2 Key =) keh =) 
WARTS oa on Deiloe MOOS NOM aw Nita eel ste | cereal cecil aeeulicealieevolteoalllworaieomtaltome 
OY WO) ae) Ghat, EIB. NOIR Na eey Key 53 een Alb atlacallaseleoaiisaci ses! 40ellses 
VeDevon ‘ aN BS Rey sy BS water Gy ES [7 iy 1S lsh WGeAoalie a cileon 
10° tod2.5 “ 13:.5)2.5/4 |8 14.53 15 13 |5.533 16 18 I7 |B 18 I3 19 I3 
12.5 to 15 “ (3 |2.5/3.5/2.5/4 (3 (4.53 |5 3 15.53 16 8B I7 |8 |8 3 
USy tOM Om ee 2tOl2.0|o) 2, o|Srole,ole is) liaeolSe 1D) IS) Orplo) (OulSmnlma mS 
17.5 to 20 “ (2.5/2 |2.5|2.5/3 |2.5/3.5/2.5/4 38 14.53 |5 |8 |5.513 |6 13 
20 to 25 W212 (2.5/2 |2.5)2.513 12:513.512.5/4 18 |4.5138 15 18 15.58 
25 to 30 Se 22) 22a roe 2 a2-bia 2 Dison ie JB) \4e5Io0 15 1S 
30 to 40 N22 V2 NO N25 252) NQeb|2.018) Qrdlocaia: 4 13) 45 
AQNORIOV.CL s:< 2:6:6/0.0 22 NA N22 i222 252) WD 25\2.5/3) 27513-5183) 14 18 
om the ordered 


Nore.—tThe weight per square foot of individual plates shall not vary fro: 
weight by more than 114 times the amount given in this Table. 

(0) When Ordered to Thickness:— 
The thickness of each plate shall not vary more than 0.01 inch 


under that ordered. 
The overweight of each lot? in each shipment shall not exceed the 


amount given in Table IT. 


TABLE II.—PERMISSIBLE OVERWEIGHTS OF PLATES 
ORDERED TO THICKNESS 


Prrmissiste Excess In AVERAGE WEIGHTS 
por Square Foor or Pirates ror Wiptus Given, 
Expressep in Percentages or NominaL WuIGHTs 
Ordered 
Thickness, ; \ : ; x 
Inches 48 in, | 60in. | 72 in. | 84in. | 96 in. | 108 in. | 120in.| 993) 
Under to to to to to to to eee 
48 in. | 60in. | 72in. | 84in. | 96in. | 108in.| 120in.|132in.| % 
excl. excl. excl. | excl. excl. excl. | excl, OVER 
Winder yn arse: 9 10 12 14 Steak sea sae 
1g to %46 excl 8 9 10 12 Sercrog Weare ee 
%4e6to yw 7 8 9 10 12 etn alec 
4% to %4e6 “ 6 if 8 9 10 12 14 16 19 
“eto % 5 6 7 8 9 10 12 14 yy 
34 to%e 4.5 5 6 7 8 9 10 12 15 
eto % “ 4 4.5 5 6 a 8 9 10 13 
%to % “ 3.0 4 4.5 5 6 it 8 9 aia 
5% to 34 “* 3 3.5 4 4.5 5 6 I 8 9 
34 to 1 oy 2.5 3 3.5 4 4.5 5 6 a 8 
j or over All ess 2.5 3 3.5 4 4.5 5 6 7 
2The term ‘‘lot” plied. to Table II means all of the MN of each group width and group thickness. 
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V. FINISH 


14. Finish The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 


VI. MARKING 


15. Marking. The name or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all finished 
material, except that rivet and lattice bars and other small sections 
shall, when loaded for shipment, be properly separated and marked 
for identification. The identification marks shall be legibly 
stamped on the end of each pin and roller. The melt number 
shall be legibly marked, by stamping if practicable, on each test 
specimen. 


VII. INSPECTION AND REJECTION 


16. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished 
in accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 


ducted as not to interfere unnecessarily with the operation of the 
works. 


17. Rejection. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 


(6) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 


18. Rehearing. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 


results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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VIII. FULL-SIZE TESTS 


19. Test of Eye Bars. (a) Full-size tests of annealed eye bars | 
shall conform to the following requirements as to tensile properties: 


Mensilerstrens ths. reste ec eels ee Ib. per sq. inch 85,000—100,000 
WAI OL Tooth, TeMlalS Gono andooU ue Ib. per sq. inch 48,000 
Milonga tion Mel Sette, Mls cree err ors per cent 10 
Reduction OL area, MIN... ak cee ae per cent 30 


(6) The yield point shall be determined by the halt of the 
gage of the testing machine. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 


PHILADELPHIA, PA., U. 8. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS 


STANDARD SPECIFICATIONS 


STRUCTURAL STEEL FOR BUILDINGS 


SerIAL Designation: A9-16, 


These specifications are issued under the fixed designation A 9; the final 
number indicates the year of original issue or, in the case of revision, the 
year of last revision. 


AvoprTeD, 1901; Revisep, 1909, 1913, 1914, 1916. 


Nore Avorrep June 26, 1918. 


In view of the abnormal difficulty in obtaining materials in time of war, the rejection limits 
for Sulphur in all steels and for Phosphorus in acid steels shall be raised 0.01 per cent above the 
values given in these Specifications. This shall be effective during the period of the war and 
until otherwise ordered by the Society. 


I. MANUFACTURE 


1. Process. (a) Structural steel, except as noted in par. (6), 
may be made by the bessemer-or the open-hearth process. 


(b) Rivet steel, and steel for plates or angles over 34 inch in 
thickness which are to be punched, shall be made by the open- 
hearth process. 


Il. CHEMICAL PROPERTIES AND TESTS 


2. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 


SrrRuctTuraL Sree River Sreep 
Bessemer... mak 
Phosphorus I semer notover0.10percent = ...... 
\Open-hearth es oO OG scenes not over 0.06 per cent 
Sul phir Siesstmeks 0.045" * 


} 


a 3. Ladle Analyses. An analysis of each melt of steel shall be made 
b 
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y the manufacturer to determine the percentages of carbon, 
manganese, phosphorus and sulphur. This analysis shall be made 
from a test ingot taken during the pouring of the melt. The chemical 
composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements specified 


} in sec. 2. 


4. Check Analyses. Analyses may be made by the purchaser from 
finished material representing each melt. The phosphorus and 
sulphur content thus determined shall not exceed that specified in 
sec. 2 by more than 25 per cent. 


Ill. PHYSICAL PROPERTIES AND TESTS 


5. Tension Tests. (a) The material shall conform to the 
following requirements as to tensile properties: 


Properties Considered ' Structural Steel Rivet Steel 
Tonsile strengva 4. ... 46: lb. per sq. inch) 55,000-65,000 | 46,000-56,000 
SAG Oe WMI eos lb. per sq. inch} 0.5 tens. str. | 0.5 tens. str. 
‘ 3 ‘ ‘ 1,400,000a 1,400,000 
Hlongation in 8 inches, min..... per cent fGus. BEE. eueteun 
Elongation in 2 inches, min... ..per cent OD te Pe mee Mie emepee cos 
aSee sec. 6. 


(b) The yield point shall be determined by the drop of the 
beam of the testing machine. 

6. Modifications in Elongation. (a) For structural steel over 34 
inch in thickness, a deduction of 1 from the percentage of elongation 
in 8 inches specified in sec. 5 (a) shall be made for each increase 
of % inch in thickness above 34 inch to a minimum of 18 per cent. 


(b) For structural steel under %6 inch in thickness, a deduction 
of 2.5 from the percentage of elongation in 8 inches specified in 
sec. 5 (a) shall be made for each decrease of %6 inch in thickness 
below %e inch. 

7. Bend Tests. (a) The test specimen for plates, shapes and 
bars, except as specified in par. (b) and (c), shall bend cold through 
180 degrees without cracking on the outside of the bent portion, | 
as follows: For material 34 inch or under in thickness, flat on 
itself; for material over 34 inch to and including 114 inch in thick- 
ness, around a pin the diameter of which is equal to the thickness 
of the specimen; and for material over 14 inch in thickness, around 
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a pin the diameter of which is equal to twice the thickness of the 
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specimen. 


‘b) The test specimen for pins, rollers and other bars, when 
prepared as specified in sec. 8 (e), shall bend cold through 180 
degrees around a l-inch pin without cracking on the outside of the 
bent portion. 


(c) The test specimen for rivet steel shall bend cold through 
180 degrees flat on itself without cracking on the outside of the 
bent portion. 


8. Test Specimens. (a) Tension-and bend-test specimens shall 
be taken from rolled steel in the condition in which it comes from 
the rolls, except as specified in par. (b). 


(6) Tension-and bend-test specimens for pins and rollers shall 
be taken from the finished bars, after annealing when annealing 
is specified. 


" * _Parallel section_ 
aces oR his ' not less than ay, 


About 2°->} 


Fiaure 1. 


(ce) Tension-and bend-test specimens for plates, shapes and 
bars, except as specified in par. (d), (e) and (f), shall be of the full 
thickness of material as rolled; and may be machined to the form 
and dimensions shown in fig. 1, or with both edges parallel. 


(d) Tension-and bend-test specimens for plates over 114 inch 
in thickness may be machined to a thickness or diameter of at least 
34 inch for a length of at least 9 inches. 


(e) Tension-test specimens for pins, rollers and bars over 1% 
inch in thickness or diameter may conform to the dimensions 
shown in fig. 2. In this case the ends shall be of a form to fit the 
holders of the testing machine in such a way that the load shall be 
axial. Bend-test specimens may be 1 by 1 inch insection. The 
axis of the specimens shall be located at any point midway between 
the center and surface and shall be parallel to the axis of the bar. 
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(f) Tension-and bend-test specimens for rivet steel shall be 
of the full-size section of bars as rolled. 


9. Number of Tests. (a) One tension-and one bend test shall be 
made from each melt; except that if material from one melt differs 
3% inch or more in thickness, one tension-and one bend test shall be 
made from both the thickest and the thinnest material rolled. 


(b) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 


(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 5 (a) and any part of the fracture 
is more than 34 inch from the center of the gage length of a 2-inch 
specimen or is outside the middle third of the gage length of an 
8-inch specimen, as indicated by scribe scratches marked on the 
specimen before testing, a retest shall be allowed. 


aoa aaa: QY4----------~--> . 


ee ee not less than 4%" 
Gg - 


: -2"Gage length-- 


NOTE:—The gage length, parallel portions and fillets shall be as 
shown, but the ends may be of any form which will fit the 
holder of the testing machine. 


FIGURE 2. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS 


10. Permissible Variations. The cross-section or weight of each 
piece of steel shall not vary more than 2.5 per cent from that 
specified; except in the case of sheared plates, which shall be covered 
by the following permissible variations. One cubic inch of rolled 
steel is assumed to weigh 0.2833 pound. 


(a) When Ordered to Weight per Square Foot :— 
The weight of each lot} in each shipment shall not vary from the 
weight ordered more than the amount given in Table I. 


5 } 
1The term “‘lot’’ applied to Table I means all of the plates of each group width and group weight. 
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TABLE I.—PERMISSIBLE VARIATIONS OF PLATES 
ORDERED TO WEIGHT 


PerMissisLE VARIATIONS IN AVERAGE WEIGHTS 
PER Square Foor or Piates ror WIDTHS GIVEN, 
EXPRESSED IN PERCENTAGES OF ORDERED WEIGHTS 
Ordered l . 
Weight, 48 in, | 60 in. | 72 in. | 84in. | 96 in. | 108 in. / 120in.| 1393, 
Pounds Under to to to to to to to on 
per 48 in. | 60 in. | 72 in. | 84in. | 96 in. | 108in.| 120 in. | 132 in. iver 
Square Foot excl. | excl. | excl. | excl. | excl. | excl. | excl. 
| | | ) | 
pe [epee (tl (ae et fice CaN eg SL face yoo | eel Peete | apaahne 
O19] 9/G|/ o/D} d/DU/] sI/sd 3 Sale 62) o Az) = @ 
6/6]6/5]6/5/$/515/5/5/5/6/5/5/5/5]5 
Under 5........ a Sa aM al Va © a he a (ce eles Ba AWE ie 
De ON vino [Ee aRy yay ie By Gi IBY ease Ieee) ad [satel ies hate tel Pee eee 
7.5 to 10 os 4 3 /4.53 (5 13 |5:513 |6 13 |7 18 Sey Se (ite er lero [ees 
10) tol2t5) 3.5/2.5/4 [3 /4.53 15 13 15.53 16 38 i” j38 |8 |3 19 8B 
12.5 to 15 4 3 |2.5/3.52.5/4 (8 /4.513 |5 3 15.53 |6 13 jf js |8 
15, to) 175) 2.5/2.5/3 |2.5/3.5|2.514 (3 4.53 |5 |8 |5.53 |6 13 |7 [8 
17.5 to 20 iN 2.52 12.52.53 |2.513.512.514 8 14.53 |5 183 (5.513 |6 |8 
20, to 25 fs 2 |2 2.5/2 |2.5/2.513 12.5|3.52.5/4 |3 [4.58 15 13 (5.5/3 
25 to 30 : 2 |2 12 2.5/2 |2.5/2.5/3 |2.518.53 |4 (8 (4.518 |5 (3 
30 to 40 2 |2 |2 2 {2.512 j2.512.5/8 2.53.53 4 3 |4.5/33 
40 Or OVEr.2. 2 acl2) 12) 12 2 2 [2 |2.52 |2.5)2.5)3 |2.5 3.53 |4 8 


Nots.—The weight per square foot of individual plates shall no 
by more than 14 times the amount given in this table. 


ot 


vary from the ordered weight 


(b) When Ordered to Thickness :— 
The thickness of each plate shall not vary more than 0.01 inch 
under that ordered. 
The overweight of each lot? in each shipment shall not exceed 
the amount given in Table II, 


TABLE II.—PERMISSIBLE OVERWEIGHTS OF PLATES 
ORDERED TO THICKNESS 


Prrmissistp Excuss 1n AVERAGE WEIGHTS 
PeR Square Foor or Puarns ror WiptTHs Givrn, 
Expressep IN Prrcentages or NomINAL WEIGHTS 
Ordered — —_ 
Thickness, = a 
Inches : 48 in. | 60 in. | 72 in. | 84in. | 96 in. | 108 In. | 120 In.) 405 s 
Under to to to to to to to 132 in, 
4S in. | 60in. | 72in. | 84in. | 96 in. 108 in. | 120 in. | 132 in. OF 
excl, excel excl excl excl excl excl Se 
Under 4 9 10 12 14 eco | eucet | Were 2 
1 to 346 excl 8 DU) WO’ Pete 9 rae al Mantel cee Nees 
Te te uA SF vi : 9 10 12 SCL torrives dud 
4 to 46 6 8 Q) 10 12 14 a) 
Meto % * 5 6 7 8 9 10 12 ia 17 
3% to Ae ‘ 4.5 5 6 Z 8 9 10 12 15 
Asto ky * 4 4.5 5 6 7 8 9 10 13 
4%to % * 3.5 4 4.5 5 6 7 8 9 Le 
% to 3% 3 3.5 4 4.5 5 6 iG 8 9 
34 to 1 a 2.5 3 3.5 4 4.5 3) 6 7 8 
ZOD OVOR ek 2.5 ela 3 3.5 4 4.5 5 6 7 


*The term “lot” applied to Table IL means all of the plates of each group width and group thickness, 


nN 
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Vv. FINISH 


11. Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 


VI. MARKING 


12. Marking. The name or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all finished 
material, except that rivet and lattice bars and other small sections 
shall, when loaded for shipment, be properly separated and marked 
for identification. The identification marks shall be legibly stamped 
on the end of each pin and roller. The melt number shall be 
legibly marked, by stamping, if practicable, on each test specimen. 


VII. INSPECTION AND REJECTION 


13. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in | 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 

14. Rejection. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 4 shall be reported 
within five working days from the receipt of samples. 

(b) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 

15. Rehearing. Samples tested in accordance with sec. 4, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 


PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR Testina MATERIALS 


STANDARD SPECIFICATIONS 


FOR 
BILLET STEEL 
CONCRETE REINFORCEMENT BARS 


SERIAL DesiGNaTIoNn: A15-14. 


These specifications are issued under the fixed designation A 15; the final 
number indicates the year of original issue or, in the case of revision, the 
year of last revision. 


Apoprep, 1911; Reyrsep, 1912, 1913, 1914. 


. Nore Apvorrep Junu 26, 1918, 


In view of the abnormal difficulty in obtaining materials in time of war, the rejection limits 
for Sulphur in all steels and for Phosphorus in acid steels shall be raised 0.01 per cent above the 
values given in these Specifications. This shall be effective during the period of the war and 
until otherwise ordered by the Society. 


1, Material Covered. (a) These specifications cover three classes 
of billet steel concrete reinforcement bars, namely: plain, deformed 
and cold-twisted. 


(b) Plain and deformed bars are of three grades, namely: 
structural steel, intermediate and hard. 


2. Basis of Purchase. (a) The structural steel grade shall be 
used unless otherwise specified. 


(b) . If desired, cold-twisted bars may be purchased on the 
basis of tests of the hot-rolled bars before twisting, in which case 
such tests shall govern and shall conform to the requirements 
specified for plain bars of structural steel grade, 


I. MANUFACTURE 


3. Process. (a) The steel may be made by the bessemer-or 
the open-hearth process. 
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(6) The bars shall be rolled from new billets. No rerolled 
materiat will be accepted. 


4, Cold-twisted Bars. Cold-twisted bars shall be twisted cold 
with one complete twist in a length not over 12 times the thickness 
of the bar. 


Il. CHEMICAL PROPERTIES AND TESTS 


5. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 


if BOSSI I's rays or weve se etereicusieress not over 0.10 per cent 


Phosphorus 
» Open-hearth Svavsvereheketorerstoaeto ets faite maine). Oo gciaete 


6. Ladle Analyses. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of carbon, 
manganese, phosphorus and sulphur. This analysis shall be made 
from a test ingot taken during the pouring of the melt. The chemical 
composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements specified 
in sec. 5. 

7. Check Analyses. Analyses may be made by the purchaser from 
finished bars representing cach melt of open-hearth steel, and each 
melt, or lot of ten tons, of bessemer steel. The phosphorus content 
thus determined shall not exceed that specified in sec. 5 by more than 
25 per cent. 


Til. PHYSICAL PROPERTIES AND TESTS 


8. ‘Tension Tests. (a) The bars shall conform to the following 
requirements as to tensile properties: 


TENSILE PROPERTIES 


Plain Bars | Deformed Bars 
P i | 4 oe 
ropertie: ines 
Considered Structural-| Inter- eral Structural-| Inter- Hard yee 
| Steel mediate Geade Steel mediate Gane 
Grade Grade Grade Grade 
ae strength Bb 00) ae 80,000 5,000 ag 80,000 | Recorded 
b. per sq. inch} _, 60 O min. min. only 
70,000 85,000 70,000 85,000 


Yield point, min., *, 
lb. ae sq. inch) 33,000 40,000 50,000 33,000 40,000 50,000 55,000 


Elongation in e 
8 inches, min. | £:400,000a 1,300,000a |1,200,000a /1,250,000a /1,125,000a |1,000,000a 5 


per cent] tens. str. | tens. str. | tens. str. | tens. str. | tens. str. | tens. str. 


a See sec. 9. 
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(b) The yield point shall be determined by the drop of the 


beam of the testing machine. 


9. Modifications in Elongation. (a) For plain and deformed bars 
over 34 inch in thickness or diameter, a deduction of 1 from the 
percentages of elongation specified in sec. 8 (a) shall be made for 
each increase of \% inch in thickness or diameter above 34 inch. 


(b) For plain and deformed bars under %¢ inch in thickness 
or diameter, a deduction of 1 from the percentages of elongation 
specified in sec. 8 (a) shall be made for each decrease of %6 inch 
in thickness or diameter below 74¢ inch. 


10. Bend Tests. The test specimen shall bend cold around a pin 
without cracking on the outside of the bent portion, as follows: 


Brenp Test REQUIREMENTS 


Thickness Plain Bars Deformed Bars 


or : Cold- 
] | | | 
Diane bee Structural-, Inter- Hard Structural- Inter- | Hard ee 
Rar Steel mediate Gate Steel mediate Gane 


Grade | Grade Grade | Grade 


Under 34 inch|180 deg. 180 deg. 180 deg.) 180 deg.| 180 deg. 180 deg.) 180 deg. 

d=t | d=2t | d=st d==t dst d—=4t d==2 te 

34 inch | 

or Over... ./180 deg. | 90 deg. | 90 deg. |180 deg. 90 deg. 
d==6 


90 deg. 180 deg. 
d=2t | d=3t d=25 d=35 


d—4t d=3t 


Expranatory Nore: d=the diameter of pin about which the specimen is bent; 
t=the thickness or diameter of the specimen. 


11. Test Specimens. (a) Tension-and bend-test specimens for 
plain and deformed bars shall be taken from the finished bars, and 
shall be of the full thickness or diameter of bars as rolled; except 
that the specimens for deformed bars may be machined for a 
length of at least 9 inches, if deemed necessary by the manufacturer 
to obtain uniform cross-section. 


(6) Tension-and bend-test specimens for cold-twisted bars 
shall be taken from the finished bars, without further treatment; 
except as specified in sec. 2 (0). 


12. Number of Tests. (a) One tension-and one bend test shall 
be made from each melt of open-hearth steel, and from each melt, 
or lot of ten tons, of bessemer steel; except that if material from 
one melt differs 3¢ inch or more in thickness or diameter, one 


tension-and one bend test shall be made from both the thickest 
and the thinnest material rolled. 


(6) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 
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(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 8 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT 


13. Permissible Variations. The weight of any lot of bars shall not 
vary more than 5 per cent from the theoretical weight of that lot 


V. FINISH 


14. Finish. The finished bars shall be free from injurious defects 
and shall have a workmanlike finish. 


VI. INSPECTION AND REJECTION 


15. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the bars ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the bars are being furnished in accord- 
ance with these specifications. All tests (except check analyses) 
and inspection shall be made at the place of manufacture prior 
to shipment, unless otherwise specified, and shall be so eonducted 
as not to interfere unnecessarily with the operation of the works. 

16. Rejection. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 7 shall be reported 
within five working days from the receipt of samples. 

(b) Bars which show injurious defects subsequent to their 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 

17. Rehearing. Samples tested in accordance with sec. 7, which 
represent rejected bars, shall be preserved for two weeks from the 
date of the test report. In case of dissatisfaction with the results 
of the tests, the manufacturer may make claim for a rehearing 
within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 


PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS 


STANDARD SPECIFICATIONS 


FOR 


STRUCTURAL STEEL FOR SHIPS 


SERIAL DrsiGNaTIon: A12-16. 


These specifications are issued under the fixed designation A 12; the final 
number indicates the year of original issue or, in the ease of revision, the 
year of last revision. 


Apvoprep, 1901; Reyisep, 1909, 1913, 1914, 1916. 


Note Apoptrrep Juns 26, 1918. 


In view of the abnormal difficulty in obtaining materials in time of war, the rejection limits 
for Sulphur in all steels and for Phosphorus in acid steels shall be raised 0.01 per cent above the 
values given in these Specifications. This shall be effective during the period of the war and 
until otherwise ordered by the Society, 


I. MANUFACTURE 


1. Process. The steel shall be made by the open-hearth process. 


Il. CHEMICAL PROPERTIES AND TESTS 


2. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 


U0) bs teeta a AN, Me ke ee i 
Py ceonemel not Over 0.06 per cent 
UBasioncnwrcctne ose CO CE G80 
SHMQIS coro nomic cous Soa Goid sy oe Kanai ORs oC 


3. Ladle Analyses. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of carbon, 
manganese, phosphorus and sulphur. This analysis shall be made 
from a test ingot taken during the pouring of the melt. The chemical 
composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements specified 
in sec, 2. 4 
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4, Check Analyses. Analyses may be made by the purchaser from 
finished material representing each melt. The phosphorus and 
sulphur content thus determined shall not exceed that specified in 
sec. 2. by more than 25 per cent. 


Ill. PHYSICAL PROPERTIES AND TESTS 


5. Tension Tests. (a@) The material shall conform to the 
following requirements as to tensile properties: 


Mensilestronehaceen seers lb. per sq. inch 58,000-—68,000 

Wield point; mina ain ce crecieee lb. per sq. inch 0.5 tens. str. 

Elongation in 8 inches, min............ per cent 1,500,000 
See sec. 6. tens. str. 


(b) The yield point shall be determined by the drop of the 
beam of the testing machine. 
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Fiaure 1. 


6. Modifications in Elongation. (a) For material over 34 inch 
in thickness, a deduction of 1 from the percentage of clongation 
specified in sec. 5 (a) shall be made for each increase of 4 inch | 
in thickness above 34 inch, to a minimum of 18 per cent. 

(6) For material 14 inch or under in thickness, the elongation 
shall be measured on a gage length of 24 times the thickness of 
the specimen. 

7. Bend Tests. The test specimen shall bend cold through 180 
degrees without cracking on the outside of the bent portion, as 
follows: For material 34 inch or under in thickness, around a 
pin the diameter of which is equal to the thickness of the specimen ; 
for material over 34 inch to and including 114 inch in thickness, 
around a pin the diameter of which is equal to 114 times the thick- 
ness of the specimen; and for material over 114 inch in thickness, 
around a pin the diameter of which is equal to twice the thickness 
of the specimen. 


CARNEGIE STEEL COMPANY 


8. Test Specimens. (a) Tension-and bend-test specimens shall 
be taken from the finished rolled material, and shall not be annealed 
or otherwise treated, except as specified in par. (6). 


(b) Tension-and bend-test specimens for material which is 
to be annealed or otherwise treated before use, shall be cut from 
properly annealed or similarly treated short lengths of the full 
section of the piece. 


(c) Tension-and bend-test specimens, except as specified in 
par. (d), shall be of the full thickness of material as rolled; and 
may be machined to the form and dimensions shown in fig. 1, or 
with both edges parallel. 


(d) Tension-and bend-test specimens for plates and bars over 
114 inch in thickness or diameter may be machined to a thickness 
or diameter of at least 34 inch for a length of at least 9 inches. 


9. Number of Tests. (a) One tension-and one bend test shall 
be made from each melt; except that if material from one melt 
differs 3g inch or more in thickness, one tension-and one bend test 
shall be made from both the thickest and the thinnest material 
rolled. 


(b) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 


(c) Ifthe percentage of elongation of any tension-test specimen 
is less than that specified in sec. 5 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe seratches marked on the specimen before testing, a retest 
shall be allowed. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS 


10. Permissible Variations. The cross-section or weight of each 
piece of steel shall not vary more than 2.5 per cent from that 
specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations. One cubic inch 
of rolled steel is assumed to weigh 0.2833 pound, 


(a) When Ordered to Weight per Square Foot:— 


The weight of each lott in each shipment shall not vary from the 
weight ordered more than the amount given in Table I. 


1The term ‘‘lot” applied to Table I means all of the plates of each group width and group weight. 
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TABLE I.—PERMISSIBLE VARIATIONS OF PLATES 
ORDERED TO WEIGHT 


PERMISSIBLE VARIATIONS IN AVERAGE WEIGHTS 
PER SquaRb Foor or Pirates ror WipTas GIVEN, 
EXPRESSED IN PERCENTAGES OF ORDERED WWIGHTS 
Jar 
eight, 48 in. | 60in. | 72in. | 84in. | 96in. | 108 in.} 120in 
Pounds Under to to to to to to to | 182in. 
per 48 in. | 60in. | 72in. | 84in. | 96 in. | 108in.| 120in.| 132 in. or 
Square Foot excl. | excl. | excl. | excl. | excl. | excl. | excl. | OVE 
LI i i=] 7 i=) i] ay i i=] 
B\o| 8/o| s/s] S/S] SIS] 5/3] s/S] B/S] Bis 
S| a | Sia A a 
6|5/6/5/6/5/5/5/5/5/S5/5/é6/5/6/5/6/5 
Under 5. SUP ese SMB AKON NARMS Yael ao ahek all Secleesllr alice all eeacs] esl oral keene 
B WO were, uae) Its 1) (BAS 1G 1B {eau lbedlcodl callaoclaacllasclsenleoaloec 
7.5 to 10 ek Ss eee) iy Iai eRy ler IES Ne By fs 63 eels aullecallene 
WOR ton oS 3.5|2.0/4 |3 |4.5/3 15 13 15.58 |6 138 17 |3 18 3 |9 3 
12.5 to 15 72 Se PAO GL PRES Ike APRS ily IGS ose Gy ie} We leh Tks 4183 
15 tO eS S 2.5/2.5|3 |2.5/3.5|2.5/4 |3 14.5133 15 |38 |5.53 |6 (8 |7 13 
17.5 to 20 I25\2) 1255/2513 |2:5\3. 512514 18 4.513 15 18 15:51 16 13 
20 to 25 a 2 |2 |2.5)2 |2.5)/2.5/3 |2.5/3.512.5)4 13 14.5138 |5 18 (5.5/8 
25 to 30 - 2 |2 |2 |2 |2.5/2 |2.5/2.5)33 |2.5)3.513 |4 [8 |4.53 |5 38 
30 to 40 STN 2 12 12 12) 2) 29512) VO si 25lS 2513.53 14 13 47518 
40 or over....... 22 22222 Ne Nrbi2 N2eni2tol3) 1275/3518. 13 | 


Nors.—The weight per square foot of individual plates shall not vary from the ordered weight 
by more than 14% times the amount given in this table. 


(b) When Ordered to Thickness:— 
The thickness of each plate shall not vary more than 0.01 inch 
under that ordered. 
The overweight of each lot? in each shipment shall not exceed the 
amount given in Table IT. 


TABLE II.—PERMISSIBLE OVERWEIGHTS OF PLATES 
ORDERED TO THICKNESS 


PprMissisLe Excess IN AVERAGE WHIGHTS 
PER SquarB Foor or PLates ror WipTas GIVEN 
EXprEesseD IN PercenTAGES OF NoMINAL WEIGHTS 
Ordered 
Thickness, 

Inches 48 in. | 60 in. | 72 in. | 84 in. | 96 in. | 108 in. | 120in.| ,,,. 
Under to to to to to to to | 182i 
48 in. | 60 in. | 72 in. | 84in. | 96 in. | 108 in. | 120in.| 132in.| 
excl excl excl excl exel excl excl over 

Under & 9 10 12 14 Brat ae aes tke 

¥% to 46 excl 8 9 10 12 Ne yee | aoe Poe 

%Meto 4 * 7 8 9 10 12 eve eee sh 
14 to Ae 6 if 8 9 10 12 14 16 19 
S4eto % “ 5 6 7 8 9 10 12 14 ine 
% to %e “ 4.5 2) 6 Gi 8 9 10 12 15 
| Aeto & “ 4 4.5 5 6 ts 8 9 10 13 
4%to % “ 320 4 4.5 5 6 7 8 9 ial 
& to 4% 3 B20) 4 4.5 5 6 te 8 9 
34 to 1 2.5 3 Beis) 4 4.5 5 6 7 8 
1 or over ol 2,5) 2.5 3 3.9 4 4.5 5S 6 ae 

2The term ‘‘lot mapenes ts to Table II means all of the ne of each group width and group thickness. 
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Vv. FINISH 


11. Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 


VI. MARKING 


12. Marking. The name or brand of the manufacturer and the 
melt number shall be legibly rolled or stamped on all finished 
material. The melt number shall be legibly stamped on each test 
specimen. 


VII. INSPECTION AND REJECTION 


13. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 

14. Rejection. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 4 shall be reported 
within five working days from the receipt of samples. 

(b) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 


15.. Rehearing. Samples tested in accordance with sec. 4, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In. case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 


PHILADELPHIA, PA., U. 8S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS 


STANDARD SPECIFICATIONS 


RIVET STEEL FOR SHIPS 


SpRIAL DESIGNATION: Al13-14. 


These specifications are issued under the fixed designation A 13; the final 
number indicates the year of original issue or, in the case of revision, the 
year of last revision. 


Aporrep, 1901; Revisep, 1909, 1913, 1914. 


Note Apoprep June 26, 1918. 


In view of the abnormal difficulty in obtaining materials in time of war, the rejection limits 
for Sulphur in all steels and for Phosphorus in acid steels shail be raised 0.01 per cent above the 
values given in these Specifications. This shall be effective during the period of the war and 


until otherwise ordered by the Society. 
A. Requirements for Rolled Bars. 


I. MANUFACTURE 


1. Process. The steel shall be made by the open-hearth process. 


Til. CHEMICAL PROPERTIES AND TESTS 


2. Chemical Composition. The steel shall conform to the follow- 
ing requirements as to chemical composition: 


jAci Leh Cia Pee okatiavie wie hai as sueecvrene not over 0.06 per cent 
Phosphorus h ‘ : 

\ Basic Pecan cnet otaorohs) a sensha erate i = 0:04 ~ oe 
(lilo Mitts acer come aan arnboO Gd co-ormat pe “* (O.045) ° a: 


3. Ladle Analyses. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of carbon, 
manganese, phosphorus and sulphur. This analysis shall be made 
from a test ingot taken during the pouring of the melt. The chemical 


33 


CARNEGIE STEEL COMPANY 


po 


composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements specified 
in sec. 2. / 


4. Check Analyses. Analyses may be made by the purchaser from 
finished bars representing each melt. The phosphorus and sulphur 
content thus determined shall not exceed that specified in sec. 2 by 
more than 25 per cent. 


Il. PHYSICAL PROPERTIES AND TESTS 


5. Tension Tests. (a) The bars shall conform to the following 
requirements as to tensile properties: 


Mensilesstrene@th 4. es pee ee lb. per sq. inch 55,000-65,000 
Wicidipolmtamlnia aie eee lb. per sq. inch 0.5 tens. str. 
oh Bee te : c 1,500,000 
Elongation sudVatsiavakele te cPvcavbaibeye no a ee per cent ee Sue 
See sec. 6. 


(b) The yield point shall be determined by the drop of the 
beam of the testing machine. 


6. Modifications in Elongation. For bars over 34 inch in diameter, 
a deduction of 1 from the percentage of elongation specified in 
sec. 5 (a) shall be made for each increase of lg inch in diameter 
above 34 inch. 


7. BendTests. The test specimen shall bend cold through 180 
degrees flat on itself without cracking on the outside of the bent 
portion. 


8. Test Specimens. Tension-and bend-test specimens shall be of 
the full-size section of bars as rolled. 


9. Number of Tests. (a) Two tension-and two bend tests shall 
be made from each melt, each of which shall conform to the require- 
ments specified; except that if bars from one melt differ 34 inch or 
more in diameter, one tension-and one bend test shall be made from 
both the greatest and the least diameters rolled. 


(b) If any test specimen develops flaws, it may be discarded 
and another specimen substituted. 


(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 5 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 


scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 
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IV. PERMISSIBLE VARIATIONS IN GAGE 


10. Permissible Variations. The gage of bars 1 inch or under in 
diameter shall not vary more than 0.01 inch from that specified; 
the gage bars over 1 inch to and including 2 inches in diameter 
shall not vary more than Y%a inch under nor more than M%2 inch over 
that specified. 


V. FINISH 


11. Finish. The finished bars shall be free from injurious 
defects and shall have a workmanlike finish. 


VI. MARKING 


12. Marking. Rivet bars shall, when loaded for shipment, be 
properly separated and marked with the name or brand of the 
manufacturer and the melt number for identification. The melt 
number shall be legibly marked on each test specimen. 


VII. INSPECTION AND REJECTION 


13. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s | 
works which concern the manufacture of the bars ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the bars are being furnished in accord- | 
ance with these specifications. All tests (except check analyses) 
and inspection shall be made at the place of manufacture prior to 
shipment, unless otherwise specified, and shall be so conducted 
as not to interfere unnecessarily with the operation of the works. 

14. Rejection. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 4 shall be reported | 
within five working days from the receipt of samples. 

(6) Bars which show injurious defects subsequent to their 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 

15. Rekearing. Samples tested in accordance with sec. 4, which 
represent rejected bars, shall be preserved for two weeks from the 
date of the test report. In case of dissatisfaction with the results 
of the tests, the manufacturer may, make claim for a rehearing 
within that time. ; 


CARNEGIE STEEL COMPANY 


B. Requirements for Rivets. 


I, PHYSICAL PROPERTIES AND TESTS 


16. Test Certificate of Rolled Bars. A copy of the results of tension 
| tests of the rolled bars from which the rivets were made shall be 
furnished for each lot of rivets. 


17. Tension Tests. If the test certificate required in sec. 16 can- 
not be furnished, the rivets shall conform to the requirements as 
to tensile properties specified in secs. 5 and 6, except that the 
elongation shall be measured on a gage length as great as the 
length of the rivets tested will permit. 


18. BendTests. The rivet shank shall bend cold through 180 
degrees flat on itself, as shown in fig. 1, without cracking on the 
outside of the bent portion. 


Ficure 1. FIGurRE 2. 


19. Flattening Tests. The rivet head shall flatten, while hot, to a 
diameter 214 times the diameter of the shank, as shown in fig. 2, 
without cracking at the edges. 


20. Number of Tests. (a) When required in accordance with 
sec. 17, one ténsion test shall be made from each size in each lot 
of rivets offered for inspection. 


(6) Three bend-and three flattening tests shall be made from 
each size in each lot of rivets offered for inspection, each of which 
shall conform to the requirements specified. 


Il. WORKMANSHIP AND FINISH 


21. Workmanship. The rivets shall be true to form, concentric, 
and shall be made in a workmanlike manner. 


22. Finish, The finished. rivets shall be free from injurious 
defects. 
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Ill. INSPECTION AND REJECTION 


23. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the rivets ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the rivets are being furnished in accord- | 
ance with these specifications. All tests and inspection shall be 
made at the place of manufacture prior to shipment, unless other- 
wise specified, and shall be so conducted as not to interfere unneces- 
sarily with the operation of the works. 

24. Rejection. Rivets which show injurious defects subsequent 
to their acceptance at the manufacturer’s works will be rejected, 
and the manufacturer shall be notified. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 


PHILADELPHIA, PA., U. S. A. 


AFFILIATED, WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS 


STANDARD SPECIFICATIONS 


STRUCTURAL STEEL FOR CARS 


SERIAL Desienation: A11-16. 


These specifications are issued under the fixed designation A 11; the final 
number indicates the year of original issue or, in the case of revision, the 
year of last revision. 


ApopTep, 1914; Rervisep, 1916. 


Nore Apvoprrep June 26, 1918. 


In view of the abnormal difficulty in obtaining materials in time of war, the rejection limits 
for Sulphur in all steels and for Phosphorus in acid steels shall be raised 0.01 per cent above the 
values given in these Specifications. This shall be effective during the period of the war and 
until otherwise ordered by the Society. 


1. Material Covered. These specifications apply to shapes, plates 
and bars over )¥ inch in thickness. 
I MANUFACTURE 


2. Process. ‘The steel shall be made by the open-hearth process. 


Il. CHEMICAL PROPERTIES AND TESTS 


3. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 


STRUCTURAL STEEL AND 


PLates ror Coup Pressing River Stren 
AGIGE ae : 
Phosehoris if not over 0.06 per cent not over 0.04 per cent 
\Basic..... CS NOE oc SI Sari Odes merc’ 
SULDHUTE eer nen ries us be OLO Bree es Sy  TOLOAS Se as 
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4. Ladle Analyses. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of, carbon, 
manganese, phosphorus and sulphur. This analysis shall be made 
from a test ingot taken during the pouring of the melt. The chemical 
composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements specified 
in sec. 3. 


5. Check Analyses. Analyses may be made by the purchaser from 
finished material representing each melt. The phosphorus and 
sulphur content thus determined shall not exceed that specified in 
sec. 3 by more than 25 per cent. 


iil. PHYSICAL PROPERTIES AND TESTS 


6. Tension Tests. (a2) The material shall conform to the 
following requirements as to tensile properties: 


; . Structural 7 Rivet Plates for 
Properties Considered Steel Steel Cold Pressing 


Tensile strength. ...lb. per sq. inch|50,000—65,000/45,000—60,000) 48,000—58,000 


Yield point, min ...Ib. per sq. inch] 0.5 tens. str. | 0.5 tens. str. | 0.5 tens. str. 
1,500,000 1,500,000 1,500,000 
tens. str. tens. str. tens. str. 


Elongation in 8 in., min., per cent! 


1See sec. 7. 


(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 


7. Modifications in Elongation. (a) For material over 34 inch 
in thickness, a deduction of 1 from the percentage of elongation 
specified in sec. 6 (a) shall be made for each increase of 1% inch in 
thickness above 34 inch, to a minimum of 18 per cent. 


(6) For material under %g@ inch in thickness, a deduction of 
2.5 from the percentage of elongation in 8 inches specified in sec. 
6 (a) shall be made for each decrease of 46 inch in thickness below 
546 inch. 


8. BendTests. (a) The test specimen for structural steel shall 
bend cold through 180 degrees without cracking on the outside of the 
bent portion, as follows: For material 34 inch or under in thickness, 
flat on itself; for material over 34 inch to and including 114 inch in 
thickness, around a pin the diameter of which is equal to the 
thickness of the specimen; and for material over 144 inch in thick- 
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ness, around a pin the diameter of which is equal to twice the 
thickness of the specimen. 


(b) ‘The test specimen for rivet steel and plates for cold 
pressing shall bend cold through 180 degrees flat on itself without 
cracking on the outside of the bent portion. 


9. Test Specimens. (a@) Tension-and bend-test specimens shall 
be taken from the finished rolled material. 


(6) Tension-and bend-test specimens, except as specified in 
par. (c), shall be of the full thickness of material as rolled; and 
may be machined to the form and dimensions shown in fig. 1, or 
with both edges parallel. 


(c) Tension-and bend-test specimens for plates and bars over 
14% inch in thickness or diameter may be machined to a thickness 
or diameter of at least 34 inch for a length of at least 9 inches. 


10. Number of Tests. (@) One tension-and one bend test shall 
be made from each melt; except that if material from one melt 
differs 34 inch or more in thickness, one tension-and one bend test 
shall be made from both the thickest and the thinnest material 
rolled. Shapes less than 1 sq. inch in section, and bars, except 
rivet rods, less than 14 sq. inch in section, need not be subjected 
to a tension test. 


' te | not less than 9° 


He teae ll 1 ay 
' " Vy><--]" kete lon 
H «--------- "4 ------- a 


Ficure 1. 


(6) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 


(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 6 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 


eee | 
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es Fo a a ee ee eee 
IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS. 


11. Permissible Variations. The cross-section or weight of each 
piece of steel shall not vary more than 2.5 per cent from that 
specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations. One cubic inch 
of rolled steel is assumed to weigh 0.2833 pound. 


(@) When Ordered to Weight per Square Foot :— 
The weight of each lot! in each shipment shall not vary from the 
weight ordered more than the amount given in Table I. 


TABLE I.—PERMISSIBLE VARIATIONS OF PLATES 
ORDERED TO WEIGHT 


PERMISSIBLE VARIATIONS IN AVERAGE WBSIGHTS 
PER Square Foor or PLATES ror WipTHS GIVEN, 
EXpresseD IN PERCENTAGES OF ORDERED WEIGHTS 
Ordered ] 
Weight, 48 in. | 60in. | 72in. | 84in. | 96 in. | 108 in.| 120 in. | 132 in. 
Pounds Under to to to to to to to or 
per 48 in. | 60in. | 72in. | 84in. | 96 in. | 108in.| 120in.| 132in.| over 
Square Foot excl, excl. excl, excl, excl. excl. | excl. 
eS =] 8 2/8 al ela a a A 
6 5 6 =) 3 5 ro |=) é P|O|P 5 =) $ =) is i=) 
TOA CLI Mo menceteeeel Dan Comanches alley (eS edema opel (Cre scarce tall ered ocereall erste fee ferent 
WO ee etells | aS ih eS ee ites GS Ie? Teel lee slhoon looatinoeltecollasullaguleoe 
7.5 to 10 3 Web BeBe as (83 a3 IE} lire EY TS IBS Wo sollao dll ba dlloec 
10 to12.5 “ (3.5/2.5/4 |8 |4.53 |5 |8 |5.53 |6 13 |7 3 |8 8 19 |8 
2255 to Lo “  |3 |2.5/3.5/2.5/4 (8 /4.53 [5 8 |5.53 |6 33 |7 3 |8 [8 
Ua toms 29 W285i 275)3) (2.58.02. 54) 18) 458) 15 3 15518 16 13) 1% 18 
17.5 to 20 “ i2.5\2 (2.512.518 |2.5|3.512.5/4 (8 |4.533 15 |8 |5.5133 16 |8 
20 to 25 ~ 12 12 (2.5/2 |2.5)2.5|3 |2.5/3.5/2.5/4 (8 |4.538 15 |8 15.513 
25 to 30 NEN WE Pa PST PRES Ab Watey IES TR) MeLNtey sy ik} 
30 to 40 2) 12 1212) 12, 12) 12.52) 2252 5/3) |2-513.513 14. 138 14.513 
40/or Over. ....../2) |2 12) 12) 12 12 2 12 12:512 |2°5)2.5/3 1 12.5/38.58 14 |B 


Norn.—The weight per square foot of individual plates shall not vary from the ordered weight 
by more than 114 times the amount given in this table. 


(b) When Ordered to Thickness :— 
The thickness of each plate shall not vary more than 0.01 inch 
under that ordered. 
The overweight of each lot? in each shipment shall not exceed the 
amount given in Table II. 


1The term ‘‘lot” applied to Table I means all of the plates of each group width and group weight 
2The term ‘‘lot’”’ applied to Table II means all of the plates of each group width and group thickness, 


CARNEGIE STEEL COMPANY 


TABLE II.—PERMISSIBLE OVERWEIGHTS OF PLATES 
ORDERED TO THICKNESS 


PERMISSIBLE Excess IN AveraGe WEIGHTS 
PER Square Foor or Piares For WipTHs GIvEN, 
EXPRESSED IN PERCENTAGES OF NoMINAL WEIGHTS 


Aguas 
ckness, ; : : ; 
Inches 48 in. | 60in. | 72in. | 8£in. | 96 in. | 108 in. | 120 in. 132 in 
Under to to to to to to to ae 
48 in. | 60in. | 72in. | 84in. | 96 in. | 108 in. | 120 in. | 132 in. an 
excl. excl. | excl. excl. | excl. | excl. | excel. 
Unter 2450 As. cen. 9 10 12 14 ters ae yo 
4 to %46 excl 8 9 10 12 aoe BS ents 
Seto yy ‘ 7 8 9 10 LOS RW eel nee Race 
{to %e “ 6 7 Sh 9 | 10 12 14 16 19 
“eto % 5 6 #4 Se Ab 69 10 12 14 li 
3% to Ae ‘ 4.5 5 6 7 8 | 9 10 Te sets 
ZActo 4% ‘* | 4 4.5 5 Ge | ae | 8 9 10 | 13 
4% to % ‘ 3.5 4 4.5 5 6 7 8 9 11 
% to % = 3 3.5 4 4.5 5 6 7 8 9 
3% to 1 So eae An aoe 3 3.5 + 4.5 5 6 ita 8 
Lorvaver! e222. 3) 2.5 2251 ||| 13 Sep AS |) ea 5 6 7 


V. FINISH 


12. Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 


VI. MARKING 


13. Marking. The name or brand of the manufacturer and the 
melt number shall be legibly rolled or stamped on all finished 
material, except that rivet bars and other small sections shall, when 
loaded for shipment, be properly separated and marked for identi- 
fication. The melt number shall be legibly marked, by stamping, 
if practicable, on each test specimen. 


VII. INSPECTION AND REJECTION 


14. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the material is being furnished in accord- 
ance with these specifications. All tests (except check analyses) 
and inspection shall be made at the place of manufacture prior to 
shipment, unless otherwise specified, and shall be so conducted 
as not to interfere unnecessarily with the operation of the works. 
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15. Rejection. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 


(6) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 


16. Rehearing. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 


PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS 


STANDARD SPECIFICATIONS 


STRUCTURAL STEEL FOR LOCOMOTIVES 


SERIAL Designation: A10-16. 


These specifications are issued under the fixed designation A 10: the final 
number indicates the year of original issue or, in the case of revision, the 
year of last revision. 


ApoprTep, 1912; Rxevyisep, 1913, 1914, 1916. 


Nore Apvorrep Junez 26, 1918. 


In view of the abnormal difficulty in obtaining materials in time of war, the rejection limits 
for Sulphur in all steels and for Phosphorus in acid steels shall be raised 0.01 per cent above the 
values given in these Specifications. This shall be effective during the period of the war and 
until otherwise ordered by the Society. 


i, Material Covered. These specifications apply to shapes, plates 
(except boiler and firebox plates) and bars over Y inch in thicknegs. 


I. MANUFACTURE 


2. Process. The steel shall be made by the open-hearth process. 


Il. CHEMICAL PROPERTIES AND TESTS 


3. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 


Brotaloueiattaten aNeherekeneeeia cic eee eee not over 0.05 per cent 
Sulphur - oe Las 0.05 ae “ec 


4. Ladle Analyses. An analysis of each melt of steel shall be made 
by the manufacturer to determine the percentages of carbon, 
manganese, phosphorus and sulphur. This analysis shall be made 

from a test ingot taken during the pouring of the melt. The chemical 
ROE SRE DAS BEE ek Beas 
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composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements specified 
in sec. 3. 

5. Check Analyses. Analyses may be made by the purchaser from 
finished material representing each melt. The phosphorus and 
sulphur content thus determined shall conform to the requirements 
specified in sec. 3. 


Iii. PHYSICAL PROPERTIES AND TESTS 
6. Tension Tests. (a) The material shall conform to the 
following requirements as to tensile properties: 


Mensilestreneths..52. saeco sess Ib. per sq. inch 55,000-65,000 

Wield pointy maine. cesta a ser lb. per sq. inch 0.5 tens. str. 

Elongation in 8 inches, min............ per cent 1,500,000 
See 7h tens. str. 


(b) The yield point shall be determined by the drop of the 
beam of the testing machine. 


7. Modifications in Elongation. (a) For material over 34 inch 
in thickness, a deduction of 1 from the percentage of elongation 
specified in sec. 6 (a) shall be made for each increase of 1% inch in 
thickness above 34 inch, to a minimum of 18 per cent. 


(6) For material under %6 inch in thickness, a deduction of 
2.5 from the percentage of elongation in 8 inches specified in sec. 
6 (a) shall be made for each decrease of %¢6 inch in thickness below 
546 inch. 

8. Bend Tests. The test specimen shall bend cold through 180 
degrees without cracking on the outside of the bent portion, as 
follows: For material 34 inch or under in thickness, flat on itself; 
for material over 34 inch to and including 144 inch in thickness, 
around -a pin the diameter of which is equal to the thickness of 
the specimen; and for material over 114 inch in thickness, around 
a pin the diameter of which is equal to twice the thickness of the 
specimen, 

9. Test Specimens. (a) Tension-and bend-test specimens shall 
be taken from the finished rolled material. 

(b) Tension-and bend-test specimens, except as specified in 
par. (c), shall be of the full thickness of material as rolled; and may 
be machined to the form and dimensions shown in fig. 1, or with 
beth edges parallel. 
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(c) Tension-and bend-test specimens for plates and bars over 
114 inch in thickness or diameter may be machined to a thickness 
or diameter of at least 34 inch for a length of at least 9 inches. 


10. Number of Tests. (a@) One tension-and one bend test shall. 
be made from each melt; except that if material from one melt 
differs 3g inch or over in thickness, one tension-and one bend test 
shall be made from both the thickest and the thinnest material 
rolled. Shapes less than 1 sq. inch in section, and bars less than 
¥4 sq. inch in section, need not be subjected to a tension test. 


(b) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 


(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 6 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 


i ABX--[" ete soy 
i «--------- Q"-------- > 


Fieure 1. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS. 

11. Permissible Variations. The cross-section or weight of each 
piece of steel shall not vary more than 2.5 per cent from that 
specified, except in the case of sheared plates, which shall be 
covered by the following permissible variations. One cubic inch 
of rolled steel is assumed to weigh 0.2833 pound. 


| (a) When Ordered to Weight per Square Foot:— 


The weight of each lot! in each shipment shall not vary from the 
weight ordered more than the amount given in Table I. 


1The term ‘‘lot”’ applied to Table I means all 


of the plates of each group width and group weight. 
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TABLE I.—PERMISSIBLE VARIATIONS OF PLATES 
ORDERED TO WEIGHT 


PERMISSIBLE VARIATIONS IN AvERAGE WEIGHTS 
PER Square Foor or Pirates ror Wiptus Given, 
EXPRESSED IN PERCENTAGES OF ORDERED WEIGHTS 
Gril 
eight, 48 in. | 60 in, | 72in. | 84in. | 96 in. | 108in. | 120in.| jo5- 
Pounds Under | _ to to to to to to to | 13210 
per ‘| 48 in. | 60in. | 72 in. | 84 in. | 96in. | 108 in.|} 120in. | 132 in. Qs 
Square Foot excl. | excl. | excl. | excl. excl. | excl. excl. Dues 
ww i) By i) wy wy Lt by he 
pa ee} |S reer fe ferpeyel| Pe CIH I ange AGM nee || ACU Hepa eee | eerste pee 
oOo; Uv Date (oy || as! o|'S o| oc © | ro o|sc oo; so oo; a 
6/5/5/5/6/5/5/5/6/5/6/5/6/8 |6/5/ 515 
(UMBC IEIR ES a aes os GPRS Wesabe MO TEL idee Be alliaenal eed lamecl eee mo eo. cully ere eeamalienntel oan 
UO Were, WARES sy IBY PSG WG 15) 84 Galieallsosilnacr ea pileeoullnoal leew lm allace 
7.5 to 10 ee ISS ees Wey SS esis Ge) Wee lek EX 3 Wen olecollevelloac 
10° to 12.5 = 3.5/2.5/4 |38 |4.538 |5 338 15.58 |6 /8 |7 38 |8 B |9 38 
12.5. to 15 uh 3 WZolso2o4 |S i458 1b |8 |S2dI38 (6 8 17 1B) 18" 3 
Lome vOMliieor ens 2.5/2.5|/3 |2.5/3.5)2.5/4 (3 [4.538 |5 |38 15.58 16 [8 |7 |38 
17.5 to 20 0 2.5/2 |2.5/2.5/8 |2.513.5/2.5/4 (8 |4.538 |5 8 [5.538 |6 13 
20 to 25 es 2 2 12.512 |2.5/2.5)38 |2.5/38.5/2.5/4 |3 [4.53 |5 (8 5.513 
25 to 30 ue 2 12 12 |2 12.52 |2.512.5/38 (2.58.53 |4 3 i4:538 |5 3 
30 to 40 os 2 i242 |I2 2 2 2 |2.52 |2:5/2.5/38 2.53.53 |4 |8 14.58 
AOOPZOVED sie 4. 2 |2 /2 2 |2 12 |2 |2 12.52 |2.5/2.5)8 |2.6/3.53 |4 [3 
Note.—The weight per square foot of individual plates sball not vary from the ordered weight | 


by more than 114 times the amount given in this table, 
(6) When Ordered to Thickness:— 
The thickness of each plate shall not vary more than 0.01 inch 


under that ordered. 
The overweight of each lot? in each shipment shall not exceed the 


amount given in Table II. 
TABLE II.—PERMISSIBLE OVERWEIGHTS OF PLATES 
ORDERED TO THICKNESS 


Pormisstste Excyss In AverAGn WerIGHTS 
PER Square Foor or Pirates For Wiptus Given, 
Expressep IN Percentages oF NomrInaL WEIGHTS 
Ordered : : ~ oie oS oe a ee 
Thickness, ] 

Inches 48 in. | 60 in. | 72 in. | 84 in. | 96 in. | 108 in. | 120 in. 132 in 
Under to to to to to to to Ge ‘ 
48 in. | 60 in. | 72in. | 84 in. | 96 in. | 108 in. | 120in. | 132in.) QC, 
excl. excl. excl. | excl. excl, excl. excl. phy 

Under yo wes as 9 10 12 14 Ba nade mere 

i to %egexcl....| 8 9 10 12 acer eo gaee oa 

%eto yy “ ef 8 9 10 12 ere ne 
4% to %6o “* 6 a 8 9 10 12, 14 16 19 
S4eto 3% * 5 6 a 8 9 10 12 14 7 
44 to Ae ‘‘ 4.5 5 6 a 8 9 10 12 15 
eto 4 “* 4 4.5 2) 6 a 8 9 10 13 
to 4% “ 3.5 4 4.5 & 6 ve 8 9 ll 
54 to % 3 3.5 4 4.5 5 6 a 8 9 
34 to 1 OS 6 Sal ae 3 3.5 4 4.5 5 6 7 8 
POPEOV CIA a aie aime sD 2.5 3 3.5 4 4.5 5 6 7 

Table II means all of the plates of each group width and group thickness. 


2The term ‘‘lot’’ applied to 
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V. FINISH 


12. Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 


Vi. MARKING 


13. Marking. The name or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all finished 
material, except that small sections shall, when loaded for shipment, 
be properly separated and marked for identification. The melt 
number shall be legibly marked, by stamping, if practicable, on 
each test specimen. 


VII. INSPECTION AND REJECTION 


14. Inspection. The inspector representing the purchaser ghall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 


15. Rejection. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 


(b) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 


16. Rehearing. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 


PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THD 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS 


STANDARD SPECIFICATIONS 
BOILER AND FIREBOX STEEL 
FOR 
LOCOMOTIVES 


SprRIAL DesiGNATION: A30-18. 


These specifications are issued under the fixed designation A 30; the 
final number indicates the year of original adoption as standard or, in the 
case of revision, the year of last revision. 


Aportrp, 1901; Revisup, 1909, 1912, 1913, 1914, 1916, 1918. 


1. Material Covered. These specifications cover two grades of 
steel for boilers for locomotives, namely: 


FLANGE 
AND 


FIREBOX 


I, MANUFACTURE 


2. Process. The steel shall be made by the open-hearth process. 


Il. CHEMICAL PROPERTIES AND TESTS 


3. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 


49 


CARNEGIE STEEL COMPANY 


FLANGE FIRE Box 
WaLrbOMe setae eo Mae oe eee een per cent 0.12-0.25 per cent 
Manganese sae pte eater nes 0.30-0.60 ‘“ ‘“ 0.30-0.60 A 
ACID  iecous ss eOUOVer 0:05, 2 <9 not over 0.04 
FAosphonis lene bY fon CIOL Se oe iy isi me 
SUOMI Ce ec oR Oo Re oy oe 2005: = By “s Fs BOLO As ES 


4. Ladle Analyses. An analysis of each melt of steel shall be made 
by the manufacture to determine the percentages of the elements 
specified in sec. 3. This analysis shall be made from a test ingot 
taken during the pouring of the melt. The chemical composition 
thus determined shall be reported to the purchaser or his representa- 
tive, and shall conform to the requirements specified in sec. 3. 


5. Check Analyses. An analysis may be made by the purchaser 
from a broken tension-test specimen representing each plate as rolled. 
The chemical composition thus determined shall conform to the 
requirements specified in sec. 3. 


III. PHYSICAL PROPERTIES AND TESTS 


6. Tension Tests. (a@) The material shall conform to the 
following requirements as to tensile properties: 


FLANGE FIREBOX 
Tensile strength..... lb. per sq. inch 55,000-65,000 52,000—62,000 
Yield point, min..... lb. per sq. inch 0.5 tens. str. 0.5 tens. str. 
Elongation in 8 inches min. per cent 1,500,000 1,500 000 
= tens. str. tens. str. 


See sec. 7. 


(b) The yield point shall be determined by the drop of the 
beam of the testing machine. 


7. Modifications in Elongation. (a) For material over 34 inch in 
thickness, a deduction of 0.5 from the percentages of elongation 


specified in sec. 6 (a) shall be made for each increase of 1% inch in 
thickness above 34 inch. 


(b) For material 14 inch or under in thickness, the elongation 


shall be measured on a gage length of 24 times the thickness of 
the specimen. 


8. Bend Tests. (a) The test specimen shall bend cold through 
180 degrees without cracking on the outside of the bent portion, as 
follows: For material 1 inch or under in thickness, around a pin the 
diameter of which is equal to the thickness of the specimen; and for 
material over | inch in thickness, around a pin the diameter of which 
is equal to twice the thickness of the specimen. 


A. S. T. M.—BOILER AND FIREBOX STEEL FOR LOCOMOTIVES 


9. Homogeneity Tests. For firebox steel, a sample taken from 
a broken tension-test specimen shall not show any single seam or | 
cavity more than 14 inch long, in either of the three fractures | 
obtained in the test for homogeneity, which shall be made as follows: 
The specimen shall be either nicked with a chisel or grooved 
on a machine, transversely, about ™%6 inch deep, in three places | 
about 2 inches apart. The first groove shall be made 2 inches from 
the square end; each succeeding groove shall be made on the opposite 
side from the preceding one. The specimen shall then be firmly 
held in a vise, with the first groove about 14 inch above the jaws, 
and the projecting end broken off by light blows of a hammer, 
the bending being away from the groove. The specimen shall be | 
broken at the other two grooves in the same manner. The object 
of this test is to open and render visible to the eye any seams due to 
failure to weld up or to interposed foreign matter, or any cavities due | 
to gas bubbles in the ingot. One side of each fracture shall be examined | 
and the lengths of the seams and cavities determined, a pocket lens 
being used if necessary. 


F & 
== About 3-------», (Orne 
7 i - | not less than 9°; 


4 


s-About 2--* 


10. Test Specimens. (a) ‘Tension-test specimens shall be taken 
longitudinally from the bottom of the finished rolled material, and 
bend-test specimens shall be taken transversely from the middle of 
the top of the finished rolled material. The longitudinal test specimens 
shall be taken in the direction of the longitudinal axis of the ingot, | 
and the transverse test specimens at right angles to that axis. 

(b) Tension-and bend-test specimens shall be of the full thickness 
of material as rolled, and shall be machined to the form and dimensions 
shown in fig. 1; except that bend-test specimens may be machined | 
with both edges parallel. 

11. Number of Tests. (a) One tension-, and one bend test shall 
be made from each plate as rolled. 

(b) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension-test specimen 


51 


CARNEGIE STEEL COMPANY 


is less than that specified in sec. 6 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest 
shall’be allowed. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT AND THICKNESS 


12. Permissible Variations. 


The thickness of each plate shall not vary more than 0.01 inch 
under that ordered. 


The overweight of each lot! in each shipment shall not exceed the 
amount given in Table I. One cubic inch of rolled steel is assumed 
to weigh 0.2833 pound. 


TABLE I.—PERMISSIBLE OVERWEIGHTS OF PLATES 
ORDERED TO THICKNESS 


PrrMissisLe Excess In AVERAGE WHIGHTS 
per Square Foor or Pirates For WIpTHS Given, 
EXPRESSED IN PERCENTAGES OF NOMINAL WRIGHTS 
Ordered 
Thickness, i ; ; . 
Inches 48 in. | 60 in. | 72in. | 84in. | 96in. | 108 in. | 120 in. : 
Under | to to to to to to to | 182in. 
48in. | 60in. | 72in. | 84in. | 96in. | 108in.| 120in.| 132in.| OF 
excl. | excl. | excl. | excl. | excl. | excl. | excl. | Over 
| | | | 
Under %.......| 9 10 | 12 14 Bees | ee ha pan aa 
4 to %egexcl....| 8 9 10 | 12 = taemh | leet ss ol inekieete Sees 
%eto yw * ‘e 8 9 / 10 12 Shsers Rey = oe 
44 to 46 ‘ | 6 7 8 9 10 pe 14 16 19 
“eto % * 5 6 a 8 9 10 12 14 iv 
% tO Ae | 4.5 5 6 7 8 9 10 12 15 
Fcto 4% * t 4.5 5 6 7 8 9 10 13 
4%to % “* Sys) 4 4.5 5 6 a 8 9 41 
Bto 4 3 3.5 4 4.5 5 6 a 8 9 
3% to 1 : 2.5 3 3,5 4 4.5 5 6 if 8 
1 or over. 2.5 2.5 Gis ii! Seis) 4 4.5 5 6 a 
V. FINISH 


13. Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 


VI. MARKING 


14. Marking. (a) The name or brand of the manufacturer, melt 
or slab number, grade, and lowest tensile strength for its grade 
specified in sec. 6 (a), shall be legibly stamped on each plate. 


1The term ‘‘lot” applied to Table I means all of the plates of each group width and group thickness. 
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| The meit or slab number shall be legibly stamped on each test 


specimen. 

(6) When specified on the order, plates shall be match-marked 
as defined in paragraph (c) so that the test specimens representing 
them may be identified. When more than one plate is sheared from 
a single slab or ingot, each shall be match-marked so that they may 
all be identified with the test specimens representing them. 


(c) Each match mark shall consist of two over-lapping circles 
each not less than 114 inches in diameter, placed upon the shear lines, 
and made by separate impressions of a single-circle steel die. 

(d@) Match-marked coupons shall match with the sheets 
represented and only those which match properly shall be accepted. 


VII. INSPECTION AND REJECTION 


15. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the pur- 
chaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of 
the works. 

16. Rejection. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 

(6) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 

17. Rehearing. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 


— 


CARNEGIE STEEL COMPANY 


AMERICAN SOCIETY FOR TESTING MATERIALS 


PHILADELPHIA, PA., U. 8. A. 


AFFILIATED WITH THD 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS 


STANDARD SPECIFICATIONS 


FOR 


BOILER 
RIVET STEEL 
SperRiAL Designation: A 31-14. 


These specifications are issued under the fixed designation A 31; the final 
number indicates the year of original issue or, in the case of revision, the 
year of last revision. 


Avoprep, 1901; Reyisep, 1909, 1912, 1913, 1914, 


A. Requirements for Rolled Bars. 


I. MANUFACTURE 


1. Process. The steel shall be made by the open-hearth process. 


Il. CHEMICAL PROPERTIES AND TESTS: 


2. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 


Nang an ese). 8: charts io eet ee eee 0.30—0.50 per cent 
IP DOSDHOLUS i Lye nie a eet ee not over 0.04 ‘“ * 
Sulphur 


SOPHO G OMI MO OCI OUI Oe ea aes Seem O OAD sO meres 


3. Ladle Analyses. An analysis of each melt of steel shall be made 


percentages of carbon, 
This analysis shall be made 
The chemical 


by the manufacturer to determine the 
manganese, phosphorus and sulphur. 
from a test ingot taken during the pouring of the melt. 
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AMERICAN STANDARD BEAM AND CHANNEL SECTIONS 
WEIGHTS OF Suctions or Mrnimum Wes THICKNESS 

It has long been known that the weights of Minimum sections 
of American Standard Beams and Channels do not correspond with the 
published areas and dimensions, and in consequence it has been imprac- 
ticable to furnish these sections true to both weights and dimensions. 

To correct this situation, the Association of American Steel Manu- 
facturers has adopted as American standards the weights per foot of 
sections of Minimum web thickness which do correspond to published 
dimensions as shown 1 in the third column of table b below. | 


) Weight, Pounds per - Foot 


Section | Depth, Inches See cat i ante Weight 
3 OD | ye tt 
4 7.5 ca 
) 9.75 10.0 
6 ees IES 
i sO) isis 
8 18.0 18.4 
g Bile) PAs) 
10 Hoy) Zoe 
BEAMS 12 Boil et) 31.8 
iy 40.0 40.5 
5 42.0 42,9 
L5 60.0 60.8 
15) 80.0 Sills 
Ls 55.0 yal el 
20 65.0 65.4 
20 80.0 $1.4 
2A SO. 0 79.9 
2A W070) 105.9 
3) 4.0 av il 
4 ty ED) 5.4 
5 Oe Out 
6 8.0 | 8.2 
CHANNELS 7 9.75 | 9.8 
8 We | Sy 
8) eo) | pes 
10 15.0 | 15.3 
12 (eve) | ZOE 
ie 33.0 | 33.9 


Effective Septeraber il, ove rders will be accepted only on the new weights 
and these should be pened. Profiles and properties of minimum 
sections remain unchanged.and so also do the weights and properties of 
intermediate and maximum sections of American Standard Beams and 


Channels. 
This corrects the weights given in Pocket Companion, Shape Book, 


Structural Beams and other Carnegie publications throughout. 


Pittsburgh, Pa., July 22, 192 
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composition thus determined shall be reported to the purchaser or 
his representative, and shall conform to the requirements specified 
in séc. 2. 


4. Check Analyses. Analyses may be made by the purchaser from 
finished bars representing each melt. The chemical composition 
thus determined shall conform to the requirements specified in sec. 2. 


Ill, PHYSICAL PROPERTIES AND TESTS 


5. Tension Tests. (a) The bars shall conform to the following 
requirements as to tensile properties: 


FLensileisuren’ Gieepumreeieie teres lb. per sq. inch 45,000—55,000 
NES El ONG, STI, Loos ooAK eH OL Ib. per sq. inch 0.5 tens. str. 
Elongation in 8 inches, min............ percent 1,500,000 


but need not exceed 30 per cent. tens. str. 


(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 

6. Bend Tests. (a) Cold-bend Tests.—The test specimen shall 
bend cold through 180 degrees flat on itself without cracking on 
the outside of the bent portion. 

(b) Quench-bend Tests.—The test specimen, when heated to 
a light cherry red as seen in the dark (not less than 1200° F.) and 
quenched at once in water the temperature of which is between 80° 
and 90° F., shall bend through 180 degrees flat on itself without 
cracking on the outside of the bent portion. 

7. Test Specimens. Tension-and bend-test specimens shall be of 
the full-size section of bars as rolled. 

8. Numberof Tests. (a) Two tension-, two cold-bend-, and two 
quench-bend tests shall be made from each melt, each of which 
shall conform to the requirements specified. 

(b) If any test specimen develops flaws, it may be discarded 
and another specimen substituted. 

(c) If the percentage of elongation of any tension-test specimen 
is less than that specified in sec. 5 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 


IV. PERMISSIBLE VARIATIONS IN GAGE 


9. Permissible Variations. The gage of each bar shall not vary 
more than 0.01 inch from that specified. 
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V. WORKMANSHIP AND FINISH 


10. Workmanship. The finished bars shall be circular within 
0.01 inch. 

11. Finish. The finished bars shall be free from injurious 
defects and shall have a workmanlike finish. 


VI. MARKING 


12, Marking. Rivet bars shall, when loaded for shipment, be 
properly separated and marked with the name or brand of the 
manufacturer and the melt number for identification. The melt 
number shall be legibly marked on each test specimen. 


Vil. INSPECTION AND REJECTION 


13. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the bars ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the bars are being furnished in accord- 
ance with these specifications. All tests (except check analyses) 
and inspection shall be made at the place of manufacture prior to 
shipment, unless otherwise specified, and shall be so conducted 
as not to interfere unnecessarily with the operation of the works. 


14. Rejection. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 4 shall be reported 
within five working days from the receipt of samples. 

(6) Bars which show injurious defects subsequent to their 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 


15. Rehearing. Samples tested in accordance with sec. 4, which 
represent rejected bars, shall be preserved for two weeks from the 
date of the test report. In case of dissatisfaction with the results 


of the tests, the manufacturer may make claim for a rehearing 
within that time 


B. Requirements for Rivets. 
I. PHYSICAL PROPERTIES AND TESTS 


16. Tension Tests. The rivets, when tested, shall conform to the 
requirements as to tensile properties specified in gec, 5, except 
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that the elongation shall be measured on a gage length not lesy 
than four times the diameter of the rivet. 

17. Bend Tests. The rivet shank shall bend cold through 180 
degrees flat on itself, as shown in fig. 1, without cracking on the 
outside of the bent portion. 

18. Flattening Tests. The rivet head shall flatten, while hot, to 
a diameter 2! times the diameter of the shank, as shown in fig. 2, 
without cracking at the edges. 


Ficure 1. PreuRE 2: 


19. Number of Tests. (a) When specified, one tension test shall 
be made from each size in each lot of rivets offered for inspection. 

(6) Three bend-and three flattening tests shall be made from 
each size in each lot of rivets offered for inspection, each of which 
shall conform to the requirements specified. 


Il. WORKMANSHIP AND FINISH 


20. Workmanship. The rivets shall be true to form, concentric, 
and shall be made in a workmanlike manner. 

21. Finish. The finished rivets shall be free from injurious 
defects. 


Ill. INSPECTION AND REJECTION 


22. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the rivets ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him ,that the rivets are being furnished in 
accordance with these specifications. All tests and inspection 
shall be made at the place of manufacture prior to shipment, 
unless otherwise specified, and shall be so conducted as not to 
interfere unnecessarily with the operation of the works. 

23. Rejection. Rivets which show injurious defects subsequent 
to their acceptance at the manufacturer’s works will be rejected, 
and the manufacturer shall be notified. 
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CARNEGIE STEEL COMPANY 


ORDERING MATERIAL 


GENERAL INSTRUCTIONS 


Structural steel for bridges, buildings and ships, steel reinforce- 
ment bars and open hearth boiler plate and rivet steel are rolled 
to permissible variations given in the specifications which precede. 
In cases of design which require close fitting, allowance should be 
made for such rolling variations so as to insure ample clearance 
between abutting or interfitting surfaces. 


All dimensions given on profiles are theoretical. Wherever the 
profile applies to more than one weight of section, the dimensions 
are for the minimum weight. 


Weights of rails are given per lineal yard of section, but unless 
otherwise indicated, all other weights are per lineal foot. Sections 
having but one weight specified can be rolled only to the weight 
given, 


Structural Beams, H-Beams, Structural Channels, Shipbuilding 
Channels, Bulb Angles, Bulb Beams, United States Steel Sheet 
Piling, Tees and Zees should be ordered to weight per foot; Angles 
may be ordered either to weight per foot or to thickness. 


Orders for Plates should specify all dimensions in inches. 


Orders for Rounds, Squares and other Bar Mill Products 
should specify width and thickness in inches and the length in 
feet and inches. 


Rails, Ties and other track accessories should be ordered by 
section number and not by the weight per foot. The section 
number should also be specified on orders for all other sections. 


The Association of American Steel Manufacturers has recom- 
mended certain angle sections as standard for bridge, car, ship and 
general building construction, and quicker deliveries can be obtained 
by ordering these standard sizes and weights. Angles not standard 
are marked “special” on the profile pages. 


In the calculation of the areas and weights of the various sections 
herein shown, the fillets have been disregarded in accordance with 
the rules of the Association of American Steel Manufacturers. 
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METHOD OF INCREASING SECTIONAL AREAS 


The above figures show the method of increasing the sectional areas and 
weights of structural shapes. Cross hatched portions represent the minimum 
sections and the blank portions the added areas. 

In the case of Channels, I-Beams and Bulb Beams, the enlargement of the 
section adds an equal amount to the thickness of the web and the width of 
the flanges. In the case of Angles and Zees, the effect of spreading the 
rolls is slightly to increase the length of the legs. No general statement can be 
made with regard to Bulb Angles, in the rolling of which different methods 
are in use. 

Inasmuch as the roll passes are modified in the wear of the rolls, the 
actual dimensions will not always conform to the theoretical, even in the 
case of the minimum weight sections. Designers and detailers of structural 
work should arrange for ample clearances. 
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BEAMS AND CHANNELS—Common Dimenstons 


-->n¢-- 


ode STRUCTURAL BEAMS 


A. A. 8. M. Stanparp Szctions 


MINIMUM SECTIONS: 
D=minimum web=t 
R=minimum web + 0.10” 
r=,;5 minimum web 

Slope of Flange, 1: 6=1624%—=9° 27’ 42” 


~ane 


STRUCTURAL CHANNELS 
A. A.S. M. Stanparp Srctions 


it 


\ 
MINIMUM SECTIONS: 
n=minimum web =t 
R=minimum web + 0.107 
rt = ;%; Minimum web 
Slope of Flange, 1: 6 — 1624% —= 9°27/ 42” 


ze) SHIP BUILDING CHANNELS 
a New American STanpARD SECTIONS 


ita 


n= tea—0.03492a 
Rt; 
Slope of Flange—=2°—3 499 % 


Dimensions for Structural Beams are those adopted by the Association of 
American Steel Manufacturers and apply to all Structural Beams, except 
American Standard Sections B 1, B 2 and B 8, also Sections B 24 and B 81. 

The dimensions of the Supplementary Beams, B 61 to B 68, inclusive, 
cannot be readily reduced to formulas. Slope of flange is 1: 115° 11" 4077, 

Dimensions for Structural Channels are those adopted by the Association 
of American Steel Manufacturers and apply to all Structural Channels, 
except Section © 20, which is a Car Building Channel. 

Dimensions for Ship Building Channels of the New American Standard 
conform to those adopted by the British Engineering Standards Committee 
and apply to all Ship Building Channels. . 


eee 
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BEAMS 


STRUCTURAL BEAMS 
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Inches Pounds Decimal Fractional Decimal Fractional 
*B 61 Ny 90.0 9.00 9 0.524 1% 


* Supplementary Beam. 


CARNEGIE STEEL COMPANY 


STRUCTURAL BEAMS—Continued 


——————--—7,875"”-—-———-+ > 1-- — 7.00” -—- > 
P | | | 


<= 
== 
| 
{ 


0.500” 
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Fke—— 3.625" S Bie S50 
o Ss ~ _ oa 
me Flange Width, Web Thickness 
A Depth of Weight ; : 
See Beam: per Foot, Inches Inches 
Inches Pounds Decimal Fractional Decimal Fractional 
115.0 8.000 8 0.750 34 
B 24 | 24 110.0 7.938 78 0.688 +3 
105.0 7.875 TK 0.625 % 
100.0 7.254 714 0.754 34 
95.0 7.193 TP5 0.693 tg 
Bil 24 90.0 CASI 7% 0.631 58 
85.0 7.070 Tty 0.570 ts 
80.0 7.000 7 0.500 4% 
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BEAMS 


STRUCTURAL BEAMS—Continued 
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*B 63 


* Supplementary Beam. 
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CARNEGIE STEEL COMPANY 


STRUCTURAL BEAMS—Continued 
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| ae + | 
| 0.70 - +) —o | 0.607 J 
0.36” suk» age ad 
ve - = de : = 
= | 2 ~ = 
Bk —-3.200’—-| 8 Rix — 2,875’ >| S 
a so ne So 
ea Flange Width Web Thickness 
Sect Depth of Weight ? , 
nae pat ey per Foot, Inches ; Inches 
Inches Pounds Decimal Fractional Decimal Fractional 
100.0 7.284 725 0.884 By 
| 95.0 7.210 742 0.810 33 
B2 20 90.0 Gels Tk 0.737 at 
85.0 7.063 T15 0.663 23 
80.0 7.000 ra 0.600 33 
75.0 6.399 61g 0.649 2h 
B3 20 70.0 6.325 633i 0.575 at 
65.0 6.250 614 0.500 4% 
a ag a ee ES 
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BEAMS 


STRUCTURAL BEAMS—Continued 
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(Sonne nnn annnnn anne neon 14,492 “------------------------ : 
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0.084” 
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: lange Width, Web Thickness, 
Section Depth of Weight Inches Inches 
mdes Beam, per Foot, 
Inches Pounds Decimal Fractional Decimal Fractional 
90.0 | 7.245 7Y% 0.807 1346 
85.0 7.163 7542 0.725 230 
eet te 80.0 7.082 ha, 0.644 41g 
75.0 7.000 a 0.562 46 
.70.0 6.259 614. 0.719 2360 
65.0 6.177 61164 0.637 414 
B80 18 60.0 6.095 6349 0.555 %¢ 
55.0 6.000 6 0.460 294 
*B 64 18 48.0 7.500 71% 0.380 34 


*Supplementary Beam. 
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CARNEGIE STEEL COMPANY 


STRUCTURAL BEAMS—Continued 
— “| _10.590” 
B5 
(ees SSSeSaSeeu te eee 
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pte ae 


; : Flange Width Web Thickness 
‘ Depth of Weight : 2 
aoe Bon per Foot, Inches Inches 
Inches Pounds Decimal Fractional Decimal Fractional 
75.0 6.292 61% 0.882 
B 5 15 70.0 6.194 6%46 0.784 
65.0 6.096 6369 0.686 
60.0 6.000 6 0.590 
55.0 5.746 534 0.656 
BR 7 ve 50.0 5.648 5tYos 0.558 
45.0 5.550 53554 0.460 
42.0 5.500 5% 0.410 
*B 65 15 37.5 6.750 634 0.332 


* Supplementary Beam. 
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STRUCTURAL BEAMS—Continued alata 
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gation | Depot | Wayne | Tlnuge Width, | Web Thidines, 
Tadex Beam, per Foot, 
Inches Pounds Decimal Fractional Decimal Fractional 
55.0 5.611 58% 4 0.821 584 
50.0 5.489 534 0.699 1564 
B 8 12 45.0 5.366 52364 0.576 B14 
40.0 5.250 5144 0.460 2964 
35.0 5.086 5349 0.436 TA6 
B9 12 31.5 5.000 5 0.350 eg 
*B 66 12 28.0 6.000 6 0.284 %o 


* Supplementary Beam. 
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STRUCTURAL BEAMS—Continued 7% 
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2 0.627" 
* j 
| | 
| a 
| 2 
| a 
| 
yan | _y 
= Seas |) Hionceawinta Web Thickness 
: Depth of Weight : ; 
Beste Beare par Foot, Inches Inches 
Inches Pounds Decimal Fractional Decimal Fractional 
40.0 5.099 5340 0.749 34 
Bll 10 35.0 4.952 ABV G4 0.602 BY 54 
30.0 4.805 41346 0.455 294 
25.0 4.660 421g5 0.310 46 
*B 67 10 22.25 5.500 5% 0.252 yy 
35.0 4.772 441% 0.732 L7/e4 
B13 9 30.0 4.609 43% 4 0.569 %6 
25.0 4.446 42% 4 0.406 1360 
21.0 4.330 424 0.290 1%q 
* Supplementary Beam. 
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STRUCTURAL BEAMS—Continued 
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ey Beam, per Foot, Inches Inches 
a Inches Pounds Decimal Fractional Decimal Fractional 
25.5 4.271 41% 0.541 5554 
23.0 4.179 A4lVo4 0.449 2964 
3 e 20.5 4.087 Aho 0.357 28/4 
18.0 4.000 4 0.270 1% 
*B 68 8 17.5 5.000 5 0.220 Te 
20.0 3.868 3% 0.458 2% 4 
B17 a 17.5 3.763 34% 0.353 2844 
15.0 3.660 B2Veo 0.250 yy 
* Supplementary Beam. j ; 
oo a Fe 
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STRUCTURAL BEAMS—Concluded 
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eet: “Flange Width, | © Web Thickn 
: Depth of | Weigh ee : i 7 
ection | “Beam, | per Foot, | Inches Tuehes 
: Inches Pounds Decimal Fractional Decimal Fractional 
17.25 3.575 33% 0.475 43 
B19 6 14.75 3.452 329 0.352 33 
12.25 3.330 33h 0.230 42 
14.75 3.294 3h? 0.504 4% 
B21 5 12.25 3.147 3k 0.357 23 
9.75 3.000 3 0.210 42 
10.5 2.880 2% 0.410 33 
B23 4 9.5 eet 213 0.337 a4 
8.5 2.733 4 0.263 az 
ao 2.660 234 0.190 5 
7.5 2.521 a3 0.361 23 
B77 3 6.5 2.423 227 0.263 i 
5.5 li 2.330 23 0.170 at 
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H-BEAMS 
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Bk ee Bie —Lgie” >| st 
S S S S 
. Flange Width Web Thickness 
< Depth of Weight S 3 u 
Sas Beam, penivoot Inches Inches 
Inches Pounds Decimal Fractional Decimal Fractional 
H4 8 | 34.0 8.000 8 0.375 34 
H 3 6 23.8 6.000 6 Orsls 1s 
H 2 5 | 137 | 5.000 5 0.313 rs 
jah ab 4 | 13.6 | 4.000 4 0.313 vs 


H-Beams shown on this sheet are particularly adapted for use in inside mine timbering. Full 
information ag to their properties and uses is given in separate pamphlets entitled ‘“Steel Mine 


Timbers.’ 
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BULB TEES 
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Flange Width, Web Thickness, , Increase in web 
Section | Depth, Inches Inches Weight Jand width for 
Index | Inches eo en each additional 
Decimal Fractional Decimal Fractional | ~°42¢8| pound per foot 
5.500 | 5% | 0.625 5% 36.6 
*B100| 10 5.250 534 0.375 4 28.1 0.029” 
5.125 54% | 0.568 | % 30.1 = 
*B101; 9 4.938 | 4154, 0.375 % | 243 0.033” 
+B 5.156 | 5560 0.469 1549 24.2 
sie 5.000 5 0.313 6 20.0 0.037” 
*B103| 7 5.094 5840 0.531 1%, 23.3 
a 4.875 at 0.313 he 18.1 0.042” 
: 4.524 A417, 0.430 % 17.2 
ok 2 6 
B105) 66 4.375 434 0.281 %o 14.0 ones 


*Furnished only by special arrangement. 
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BULB SECTIO 


NS 


SHIP BUILDING BULB ANGLES 


New American Standard Sections 


B 195 


@->---- 


=A 
H 
6006-4 7 B197 (SBA 18) Ge 
Sea iS ” ' 
: \ 8 525 
LS ws 
S zt Ls oe: 2 
os 
' ¢->1,500” 
Vai 
1 1 
Root = i 
LO te a 
BY 
= if 
i B 206 (BSBA 17) f 
> = i 
2 : 500; 
a 
Van _-¥ 
(Quseteee eee ee eaSs OD A ee ee ee 
; Depth, Flange Width, Web Thickness, Weicht 
Section Inches Inches Inches olen 
Index | per Foot, 
Decimal | Fractional | Decimal | Fractional | Decimal | Fractional | Pounds 
0.725 235 ose 
© 1% (98 | 
B 195 | 10.000 10 3.500 31 0.675 15/4 ees 
0.625 56 | 81.1 
17 48 
B 196 | 10.000 10 3.500 3g 0.575 8a 29.1 
B 197 : 0.525 1x0 26.9 
(spa rey 7o009") 40) OO Ba 0.475 | \ 1565 24.9 
0.600 1% 9 28.8 
1 f 
B 205 9.500 9% 3.500 3% 0.550 85/4 26.9 
B 206 qi a 0.500 % 24.7 
(BSBA17)| 9-200 Sa |heo00ui,) sae 0.450 | 2% 22.8 


Dimensions of British Standard Sections are indicated in bold type. 
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ars 
675<-->, SHIP BUILDING BULB ANGLES—Continued 
fT‘ New American Standard Sections—Continued 
' 
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; 515” 
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1475" 2 
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415 ae 
i 3 
| a | 
\ 1 
ee aa 
= See are 
9 
Depth, Flange Width, W ick : 
Section | Inches es pases a! Weight 
Index - per Foot, 
Decimal | Fractional | Decimal | Fractional | Decimal Fractional Pounds 
0.675 186 30.4 
B 201 | 9.000 9 3.500 3% ioe : 
o ie 0.625 5g 28.6 
0.575 81/, 26.6 
B 202 | 9.000 9 3.500 31 Be 
ee Seo Woes A aan 24.8 
B 203 0.475 1545 DIT, 
,| 9.000 9 3.50 6 82 ° 
(BSBA 16) a0 374 0.425 2g 20.9 
: 0.575 Ba ERS 
B 208 | 8.500 8h 3.500 31 Se 
“a 0.525 1%ho 23.5 
B 209 0.475 lho DIeG 
8.500 8% 3.500 31 £82 ; 
(BSBA 14) 74 0.425 24 19.8 


Dimensions of British Standard Sections are indicated in bold type, 
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BULB SECTIONS 


650 ;<—» SHIP BUILDING BULB ANGLES—Continued 


| New American Standard Sections—Continued 
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Depth, Flange Width, Web Thickness, Tat 

Section Inches Inches Tnches Weight 
Index per Foot, 
Decimal | Fractional | Decimal | Fractional | Decimal | Fractiona! | Pounds 

0.550 BOG 4 23.4 

1 sof oa. « “ 

Be 8.500 814% 3.000 3 0.500 % 21.7 

B 212 1 0.450 254 19.8 

(BSBA13)| 8500 | $7 S000 | 28 0.400 | 1%» 18.1 

p 0.550 85 e4 232 

Z 2 € 14 

B 214 8.000 8 3.500 3% 0.500 1% 21.6 

183 PAGS) y 0.450 2% 4. 19.6 

essage1 oo © BOO aoe 0.400 | 1345 18.0 

0.575 3% 23.1 

B 217 | 8.000 8 3.000 3 nae Lhe 21.4 


| Dimensions of British Standard Sections are indicated in bold type. 
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SHIP BUILDING BULB ANGLES—Continued — <-» 495” 


New American Standard Sections—Continued a 
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a. Depth, | Flange Width, "Web Thi 
Section Inches inden ; ee: Weight 
Index - : per Foot, 
Decimal | Fractional | Decimal | Fractional | Decimal Fractional | Pounds 
feria 8.000 8 Scho 4 0.475 15ho ie 
0.425 Yea 18.0 
{ 
B 220 | 7.500 HG 3.500 3 0.575 BU 22.8 
chem ts 72 | 0.525'| hq 21.2 
B 221) 7 7 0.475 154 | 
7.500 7% 3.500 3k 732 19.4 
(BSBA 10) 2 4% 0.425 The me 
B 223 | 7.500 Wee 3.000 3 0.525 lige 20.3 
0.475 50 18.8 
D) 7 
(sta 9)| 7-500 | 736 | 8.000 | 3 Cee kal eee 17.1 
0.375 3% 15.6 


Dimensions of British Standard Sections are indicated in beld type. 
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SHIP BUILDING BULB ANGLES—Continued = *-7.525” 
New American Standard Sections—Continued ig 
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: Depth, Flange Width, Web Thickness, | y,. 
Section Inches Inches Inches Weight 
Index per Foot, 
Decimal | Fractional | Decimal | Fractional | Decimal | Fractional | Pounds 
a ; 0.525 15 20.0 
“4 2 
B 226 | 7.000 7 3.500 31 Gare ae ime 
B 227 2 a 0.425 264 16.8 
(BSBA 8)| 7*00° g Bee 7a 0.375 % 15.3 
0.500 % | 184 
B 229 | 7.000 7 3.000 3 Ros 2b, ee 
B 230 0.400 1349 15.3 
(espa 7) 7000 ¢ Loy 3 0.350 14g 13.9 
B 233 | iy ; F 0.400 18h 15.0 
(BSBA 6)| °500 64 3000 oa 0.350 1g 13.6 


Dimensions of British Standard Sections are indicated in bold type. 


77 


CARNEGIE STEEL COMPANY 


SHIP BUILDING BULB ANGLES—Continued 3 ise 
New American Standard Sections—Continued ; 
416" B 236 (BSBA 5) 


=> 
H 
' 


375" 


” 
res 


<-----—3Y 


a 


7 


¢ 
' 
| 
i) 
H cm 
= 
“oo 
| | 
ee aero ee ees 
Pan} Depth, Flange Width, Web Thickness, 46 
Section Inches Inches Inches Weight 
Index : - | per Foot, 
Decimal | Fractional | Decimal | Fractional | Decimal | Fractional | Pounds 
| 0.425 274 15.0 
B 236 Sait F 
(BSBA 5) 6.500 614 3.000 3 0.375 36 13.6 
0.350 19 12.9 
: ‘ 0.475 15/4 16.4 
tLloyd | 6.000 i) 3.500 3 oe 
0.425 2a 14.8 
Ho 0.375 3% 13.4 
+Lloyd 6.000 6 3.500 31 5 
: | e 0.350 150 12.8 
B 241 | 6.000 6 3.900 3 0.525 1Yjo 16.8 
0.475 150 15.6 
0.425 27f 14.1 
Bee ‘ 64 
(BSBA 4)| ©-000 6 3.000 3 0.375 % 12.8 
0.350 1Yy5 122 
) 


| tRolled by Pencoyd Iron Works (60A). 
Dimensions of British Standard Sections are indicated in bold type. 
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LEME SCANLON 


an 
Q--------5s 


2% 


PSs aoss 


.19%, ae 
oad 


450” SHIP BUILDING BULB ANGLES—Coneluded 


B 251 (BSBA 2) 
1.825” 


“u” 


t¢-----——-- -----§-------- ----- 


New American Standard Sections—Concluded 


ey 


” 


ipa === 9! 


B 245 (BSBA 3) 
350"! 


7 it 
eee 5s 


bane Ce Si oe 
Depth, Flange Width, Web Thickness, j . 
Section Inches Inches Inches Weight 
index ! per Foot, 
Decimal | Fractional | Decimal | Fractional | Decimal | Fractional] | Pounds 
i 0.500 % 15.1 
B 244) 5.500 5 3.000 3 0.450 24 13.9 
0.400 1340 | 32.5 
B 245) 5 4 : 0.350 tee 11.3 
(BSBA 3) 5.500 514 3.000 3 e 132 
0.325 2164 10.7 
0.375 %% 10.4 
B 251) 5.000 5 2.500 214 0.325 2Ye4 9.3 
(BSBA 2) : 0.300 1% 4 8.8 
*B 143} 5.000 5 2.500 24% 0.240 14 8.3 
*B 144] 4.500 416 2.250 214 0.220 V9 | he 
*B 145] 3.000 3 2.000 2 0.190 46 3.60 
*B 146 | 3.000 3 1.750 134% 0.160 Sag 3.25 
*B 147 | 2.500 2% 1.500 1% 0.150 Sho 2.66 


*Furnished only by special arrangement. 
Dimensions of British Standard Bections are indicated in bold type. 
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CARNEGIE 


STEEL COMPANY 


CAR BUILDING BULB ANGLES 


-- 
” ” 
= As ><Ao, 
a ae r eons 
Tey lee 2D 
\ 
i} N 
: : 
ae + 
Le Leake wencoee 5- SS > 
<- 
” ” 
= *B124 oxi 
Ge alae 
te mG 
geese eee eae See ey 
c =a 
f ; 
! H 
Se | | *B 122 sat ae Na 
o ” ' ie oD 
H i a 
‘s : 
| vt ( 
4 cat = 
en eee é 
aon aikee Flange Width, Web Thickness, ; 
Section Inches Inches Inches Weight 
Index ae | per Foot, 
Decimal | Fractional | Decimal | Fractional | Decimal | Fractional | Pounds 
*B 125 5.000 5 4.500 4% 0.488 Ae 19.3 
*B 124 5.000 5 3.500 3% 0.375 3% 13.2 
*B 122 4.000 4 3.500 3k 0.500 uy 14.3 
*B 123 4.000 4 3.500 3% 0.375 3% 11.9 


* Furnished only by special arrangement. 
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CHANNELS 


STRUCTURAL CHANNELS 


0.564 
oe 
‘ 
wD 
o8 
ye 
2 
x 
+ 
; Depth of Weight Flange Width, Web Thickness, 
cee Channel, per Foot, Inches Inches 
Inches Pounds Decimal Fractional Decimal Fractional 
57.7 | 4.200 Ay3 0.700 45 
: 51.6 4.100 Age 0.600 4 
TC 60 18 45.5 4.000 a 0.500 4 
42.5 3.950 384 0.450 29 
55.0 3.818 328 0.818 13 
50.0. 3.72) 38 0.720 23 
45.0 3.622 3% 0.622 5% 
Om 15 40.0 3.524 345 0.524 ue 
35.0 3.426 334 0.426 ae 
33.0 3.400 BhE 0.400 1g 
50.0 4.416 43% 0.791 i 
45.0 ee au 9.678 a 
40.0 4.190 ay ; a 
tC 20 13 37.0 4.122 ry, 0.497 i 
35.0 4,077 4& 0.452 29 
32.0 4.000 4 0.375 3% 


+C 60 is a Ship Building Channel—fC 20 is a Car Building Channel. 
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» 


*-———- 3.773 


aS k-=—-— 3.399% 


oO! 
= 
Si] 
o 
8 


lS 
Ag 
Zs 


” 


Wk--—-- 2,660 


o; 
“I 
i~) 
w 
) 


x 
| 
ql 
% 
ty 
i} 
i 
' 
Nee. 
—-—— ~ - 10% —— ~~ __ = 
| - Flange Width, Web Thickness 
: Depth of Weight » 
Pectlan hannel per Foot, Inches Inches 
| Inches Pounds Decimal | Fractional | Decimal | Fractional 
50.0 4.140 42; 0.840 5 
48.4 4.100 43 0.800 et 
cairo 5 46.3 4.050 40 0.750 4 
44.3 4.000 4 0.700 rae 
40.0 3.895 357 0.595 a 
35.0 3.773 333 0.473 iB 
40.0 3.418 3et 0.758 $2 
35.0 3.296 3af 0.636 a4 
C2 12 30.0 3.173 34h 0.513 # 
25.0 3.050 305 0.390 #2 
20.5 2'940 2h 0.280 
35.0 3.183 3x5 0.823 2 
30.0 3.036 3b 0.676 ai 
C3 10 25.0 2:889 ef 0.529 45 
20.0 2.742 28% 0.382 34 
15.0 2.600 233 0.240 ee 


{C 170 is a Car Building Channel, 
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CHANNELS 


STRUCTURAL CHANNELS — Continued 


.230” 
* “% 
| | 
sl x! 
8 I 
a a 
| | 
| ry 
| aa 
4 0.5977 


u” 
——— -6.338 


10.220.” 


2.26 


| Flange Width Web Thickness 
. Depth of Weight » ? 
Beotion Channel, per Foot, Inches ie Inches 
Inches Pounds Decimal Fractional Decimal Fractional 
25.0 | 2,815 243 0.615 39 
20.0 2.652 234 0.452 29 
eS 2 15.0 2.488 2at 0.288 as 
13.25 2.430 25 0.230 45 
21.25 2.622 | 254 0.582 ay 
18.75 | 2.530 215 0.490 a1 
C5 8 \, 16.25 2.439 215 0.399 ue 
13575 2.347 244 0.307 Ts 
11.25 2.260 285 0.220 as 
19.75 2.513 233 0.633 44 
17.25 2.408 243 0.528 ole 
C6 a 14.75 2.303 222 0.423 ar 
12.25 2.198 243 0.318 be 
} 9.75 2.090 235 0.210 43 
83 


CARNEGIE STEEL COMPANY 


STRUCTURAL CHANNELS—Concluded 


” 


<-—~-——-—3.609 
0.29” 


Depth of Weight Flange Width, Web Thickness, 


oti Channel, per Foot, Tnches a Inches 
Inches Pounds Decimal | Fractional | Decimal Fractional 
15.5 ; 2.283 22; 0.563 i 
13.0 2.160 23% 0.440 Ya 
10.5 2.038 245 0.318 Ys 
8.0 1.920 132 0.200 43 
| 
116 | 2.037 235 0.477 34 
9.0 1.890 187 0.330 $4 
6.5 1.750 134 0.190 Ps 
G20 |) W725 ies 0.325 a4 
6.25 1.652 124 0.252 iy 
§.25 1.580 13% 0.180 ts 
6.0 1.602 133 0.362 el 
5.0 1.504 14% 0.264 45 
4.0 1.410 a3 0.170 $4 


iv) 
> 


CHANNELS 


SHIP BUILDING CHANNELS 
New American Standard Sections 1 


2 
! | 
3 C 21 BSC 26 2 
= (BSC 26) “t 
<i Ge 
I PS a eet) een AM CN he — lew tate ee ean ! 
a aes 
vo 0,686 
a 0.548” 
3 C 171 @sc 25) S 
a S 
oO oo 
| _¥ 
Hee 652” 
le FS ne a a Noe ee a eee a a tee en ee eae nee | 
“| 10,513” 
i) i i 
i) 1 
zi 
a! 5b 
2 C 26 (BSC 21) a 
3 Go 
P| | geeae-------=------1,6162------------=----- 
| 
i Vs 
vas 0.637” 
eee ee le I (oa ee wee ae NY ; 
ae Depth of Weight Flange Width, Web Thickness, 
ae Channel, per Foot, Inches J Tnehes 
Tnches Pounds _ Decimal Fractional Decimal Fractional 
44.4 | 4.200 41864 0.725 2665 
C 21 12 40.3 4.100 4365 0.625 54 
(BSC 26) 4 36.2 4.000 4 0.525 Lipo 
34.2 3.950 3614 0.475 1549 
Pa 40.8 3.700 3454 0.700 $6 
(esc 25) 12 36.8 3.600 31%: 0.600 %2 
S207 3.500 Bie 0.500 4 
30.6 3.450 B2%4 0.450 29/4 
eee 36.8 4,200 41% 0.675 1% 
seca 10 33.4 4.100 A8ho 0.575 Yeu 
30.0 4.000 4 0.475 Yeo 
28.3 3.950 B6Y4 0.425 eq 


Dimensions and properties of the British Standard Sections are indicated in bold type. 


| 
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CARNEGIE STEEL COMPANY 


SHIP BUILDING CHANNELS—Continued 
New American Standard Sections—Continued 


“0.522” 
> ae ri 
' ' 
| SC 20 Pe 
% C 27 (BSC 20) 2. 
Yad oD 
ie || a ee ee MS BER Ay ewe a eet OS p 
i 
' ' 
— 
‘ 0.628” 
le 10" 
=a “6.445” 
* TP) 0.350" Gime 
f x t 
= C 28 (BSC 19) so] a 
& 
ie) 
i 
H 
i} 
| ee 
“1 0.518” 
* 70.400" i 
| | 
BI Ee) 
S C 31 (BSC 18) 4 8 
S oO 
a 1 
; Depth of Weight Flange Width, Web Thickness, 
Recon Channel, | per Foot, Inches Inches 
Tuches Pounds Decimal | Fractional Decimal | Fractional 
34.8 | 3.700 B44 0.675 48/4 
ase 31.4 3.600 | 319% 0.575 BUG4 
(BSC 20) 10 28.0 3.500 31% 0.475 | 1545 
| 26.3 3.450 329% 4 0.425 2g 
| 24.6 3.400 31865 0.375 8g 
a 25.1 3.550 38554 0.425 2s 
Ceo 10 23.4 | 3.500 | 314 0.375 ys 
; | Ona?) 3.450 320% 4 0.325 Ves 
34.5 4.200 4183/4 0.675 434 
© 31 i 314 4.100 4349 0.575 ST 
(BSC 18) 28.4 4.060 4 0.475 15,45 
26.8 3.950 BOL, 0.425 24 


Dimensions and properties of the British Standard Sections are indicated in bold type. 
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CHANNELS 


SHIP BUILDING CHANNELS—Continued 


New American Standard Sections—Continued 


Ki 
4 
2 
B 
od 
ae 
ea . ” 
4S 0,875" 7 ra 
[ 
‘3 C 36 (BSC 13) is] 8 
ive} ° 
o3 ” MN 
pers os 
{0.525” | 0.425” DA 
‘ae __|0.579” 
lesa aes See ae ages ef ee ee an eee 
- , 0,454” 
‘ aan 
| 
C 37 BSC 12) rs 
& ES 
Ih Wey ae ee cal CVF ee a 
eae 
vee 0.546 
ea ye Ss ris eee Pak, ee ree 9 ee Pe SBS SEN ES ORL : 
‘ Deptior Weicht Flange Width, Web Thickness, 
ae Chanel ser Poot Inches Inches 
ndex y 
Inches Pounds Decimal Fractional Decimal Fractional 
elles 3.700 34564 0.650 2Veo 
CO 32 9 28.3 3.600 31% 0.550 Bea. 
(BSC 17) 25.2 3.500 3% 0.450 2% 4 
Zon 3.450 32% 4 0.400 1865 
28.0 3.700 345/64 0.625 54 
C 36 8 25.3) 3.600 31%y 0.525 175 
(BSC 13) 22.6 3.500 3% 6.425 2%4 
21.2 3.450 B2% 4 0.375 36 
25.3 3.225 3752 0.600 1%o 
© 37 22.6 3.125 3% 0.500 6 
(RSC 12) 8 19.9 3.025 3Y%o 0.400 1345 
19.2 3.000 3 0.375 % 
18.5 2.975 23165 0.350 19 


"Dimensions and properties of the British Standard Sections are indicated in bold type. 
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CARNEGIE STEEL COMPANY 


SHIP BUILDING CHANNELS—Continued 
New American Standard Sections—Continued 


8.5007-—----» 


--——=-> 


-3.000” 


=== 
1 
' 


&<-----2,6257---- 


Oo 
© 
Ea 


0.420” “6.330” 
“> A * "i 
i i H 1 
' ! ! 1 
-_—s 
ei 
| _¥ Peat PN a 
v 5380" fb 0.440 
a ass Weight | Flange With, | Web Thickness, 
peta Cane see Inches Inches 
ndex mine ee pa! = = 
Inches Pounds Decimal Fractional Decimal Fractional 
24.9 3.700 | 34564 0.600 1% 
Gea = 22.5 3.600 31960 0.500 1g 
(BSC 10) : 20.1 3.500 | 314 0.400 1845 
18.9 3.450 | 32% 4 0.350 Ileo 
Ae | 19.8 3.100 | 3342 0.475 1545 
© 42 Ge | ileal 3.000 3 0.375 36 
(BSC 9) 16.3 2.950 WY 0.325 24 
21.9 3.700 34554 0.575 8% 
C46 6 19.8 3.600 31% 0.475 15 
(BSC 8) 17.8 3.500 31% 0.375 38 
16.8 3.450 32% 0.325 2Ve4 
C 109 6 LoS 3.500 3% 0.340 1iZo 
Dimensions and properties of the British Standard Sections 


are indicated in bold type. 


88 


CHANNELS 


SHIP BUILDING CHANNELS—Concluded 


New American Standard Sections—Concluded 


i “£0,429 

£7 0.825 baleen af 
as eo 
' s| H H 
= C 47 @SC7) wa! a 
E ahi & % E 
3 ote Se VAL oe ee a i 

f ~--4.041 > lpr & 
(0.475 30.875" | D 
L 0.521" 4 6.413” 

& es Se ee Se Gusset 


- ‘ | 70.406 
Pet or25 fi 
i} i} 
| ee 
aI *C 106 aa 
re) oo a} 
H 2 “ 
. feo = = 4 O65 == === — © x-=-- 2.395----» 
1 “ i) 
¢ 10.25 =I . ' 
ee 0.500 a 
Ne ee a ree GUMS = eae ss 
10.5757 
‘ * 
! 1 f 
SI “to H 
me for) e! 
“ or 4 ia di 
7 0,438 l 
ee is as SD ae a 
‘ Depth of Weight Flange Width, Web Thickness, 
pone Channel, per Foot, Inches Inches : 
Inches Pounds Decimal Fractional Decimal Fractional _ 
C AZ ee 16.2 3.000 3 ‘eves || BA 
(BSC 7) 14.9 2.938 21546 0.313 Ae 
C 48 13.3 2.563 246 0.375 3 
6 3 Zi « “716 . e 48 
Da) 12.0 2.500 | 2% | 0.313 She 
Dimensions of British Standard Sections are indicated in bold type. 
MISCELLANEOUS CAR BUILDING CHANNELS 
*C 106 5 34 17.0 3.500 34% 0.375 oa 
*O 200 4 13.6 2.500 216 0.500 4 
*O 220 4 10.1 2.087 23% 0.394 25/4 
*O 190 S Peel 1.984 16344 0.250 yy 
*Furnished only by special arrangement. 
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CARNEGIE STEEL COMPANY 


Al, ANGLES 


EQU 


> 


" 


§-—--—-———— 


uw 


iy 

72 

f= 
| 


, 


Bes 
° 

Oo 
Fi on 

BE | BOSHOOAQNOA HHIOMMIARONA OaaoNoricregr 
a3 OPADIONDIINMDO MminmHnndodtHond OCWOMIMNHOWOHN 
B=) LDQM HT HHO MO OAN NOMMANAASaT MANANNANR AAS 
bo 
2 
BS | NEE _ RREREAEOE RENE. Seem emaeiniere 
=f Ss oe coal Lal 

a 
Ei 

‘a ole ole ole ole ele ole slic ele alle ov cohol eNvel lolol lolol volvo lve) 1D 191919 19.19.1919 1919.19 
5 oO 
sa HARK KK KAK KKK HK KKK KKK RK 1 AO OPA ON SO ODS OS oe 
ma 

s DNDNNNANNNMMNH DDMOHOODOONMOYN UD 1D 1D 1D 19 19 1919.19.19. 
“ 

3 

a MANAODO>-OMHM ORHNMHMHOK WO WOBDOANMHIOON 
rH Hass AOOSCSOOS WH DOD AANA 
a Se ee ee ee ee 

° 

6 didi ddqdiddcqaae Aid adddddad 
S RK KKK KKK HK 
(op 


* Special, see page 58. 
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ANGLES 


EQUAL ANGLES—Continued 


i a! : 
“i - 
= xs 
' ; 
| ‘= 
. 
We 
Section Index Bea aH eee, Weight per Foot, 
*A 18 Ae oe 13 19.9 
A 19 4x4 34 18.5 
A 26 ae xe Gh ik ilies 
EX Bah 4x 4 5g Sez 
A 22 4x 4 ae 14.3 
IX 23 Ax A \% 12:8 
JX Bl wy ce ws Je 11.3 
A 25 4x 4 3g 9.8 
A 90 4x 4 ae 8.2 
*A 284 gh Se ae iy 6.6 
*A 26 34 x 34% ae ee 
TNS il) 34x 3 34 16.0 
*A 28 3144x344 tk 14.8 
A 29 34x 3% 5% 13.6 
A 30 34x3% aoe 12.4 
N31 314 x 344 \% ileal 
Ay 32 3144 x 3% i 9.8 
iN 3B} 3144 x 3% % 8.5 
A 99 34x 3% a Te 
*A 285 3144x 3% Y% 5.8 
*A 34 Bio bx 38} 5% 11.5 
*A 35 Be 3 as 10.4 
A 36 3 x 8 Vy 9.4 
IN” BY/ Be de 8:3 
A 38 Be % 7.2 
A 39 5) 5298) fs 6.1 
A 40 Boe 8 BA 4.9 


* Special, see page 58. 
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CARNEGIE STEEL COMPANY 


: 
mon Mo 


eo 1- 
es Aas 
=) bo 
“A 80 
: Size, Thickness, | Weight per Foot, 
Section Index Taehes Inches Pounds 
*A 46 2144 x 2144 MB | 0.7 
A 47 24x 24% is 6.8 
A 48 2144x2% % 5.9 
A 49 24x24 ts 5.0 
A 50 244x2% 44 4.1 
A 100 2144x2% ts 3.07 
*A 504 244x2% % 2.08 
*A 56 DRS eae. 5 5.3 
A 57 Dex 12 3% 4.7 
A 58 Dex o ts 3.92 
A 59 ee 4% 3.19 
A 60 ire © ts 2.44 
*A 506 21> % 1.65 
*A 61 134 x 134 Is 4.6 
*A 62 134 x 184 34 3.99 
*A 63 134 x 134 1s 3.39 
*A 64 134 x 134 yy Drie 
*A 65 184 x 134 Bs 212 
*A 507 134 x 134 4 1.44 
*A 66 1%x1\% 74 3.35 
A 67 14x1\% a 2.86 
A 68 1%x1\% BA 2.34 
A 69 14%x1\% 3 1.80 
A 102 14x1\% % 123 
*A 70 1% x1 ae 2.33 
*A 71 14%x1% YY 1.92 
*A 72 14% x1 + 1.48 
*A 73 1% x1 % 1.01 
*A 78 dx og YY 1.49 
*A 79 My 3c. 4h ae 1.16 
*A 80 il se il yy 0.80 
* Special, see page 58. 
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ANGLES 


Z| ANAAAAMNON NHHMEMmMASCNM mQMNAGONSOS 
=I HHAMWOMTADNMIMNOS WOMAORMMHWDO NOHMOWMAOKMOO 
s WHOM ONANN MNMANAANMRT MNINANAANRAAeS 


Weight per Foot, 


i . 
1 an 
a og is 2 Hes ee 
ae BS | ERCESCRRE RE AERO get NR Ee 
as =e 
iD) a 
Zz H 
Pe 
i 
= ¥ 
=) s ‘ SE RSENS SSA 
ez Be | CPESCOOOOOO woararaneaoraraa epeoerarsranen ed eda 
ea SE) KMK KKH KKH KKK KKK KH AM 
Ss 1 | cmmmmmnmmMnmn HNNNNNNNHO RKERRRRRERRE 
3 
i 
wo 


‘” 


*A 158 
*A 159 
*A 310 


Es SOE a ee ee 
Section Index 


* Special, see page 68. 


UNEQUAL ANGLES—Continued 


Meee es 


CARNEGIE STEEL COMPANY 


i 
| 
| 
| 
| 
| 
| 
| 
| 


aor aes et 


. Size, Thickness, Weight per Foot, 
ection, Tuder Inches Inches Pounds 
*A 89 6 x 4 1 30.6 
*A 91 (oy ee a! 18 28.9 
A 160 (ioe vl KK 27.2 
A161 6 x 4 33 25.4 
A 162 6 = 4 34 23.6 
A 163 G@ = 4 dh 21.8 
A 164 Oo 4! a8 20.0 
A 165 (ype v8 nit 18.1 
A 166 () se Ze % 16.2 
A 167 Ox) Va 14.3 

A 168 6) 3% 12.3 ’ 
*¥A 92 6 x 34 1 28.9 
*A 93 6 x 3% or 27.3 

A 169 6 x 3% Kw 25.7 

A170 6 x 34% +23 24.0 

Al7l 6 x 3144 34 Qk 

A 172 6 x 36 +4 20.6 

A 173 6 x 34 54 18.9 

A 174 6 x 3% Ys Neve al 

A175 6 x 34 i 15.3 

A176 6 =x 34 v5 U315 
All7 6 x 314 8% 107 
¥*A 301 6 3325 a 9.8 
*A 178 iy Sg Gl XK 24.2 
*A 179 a XA 13 22.7 
*A 180 oy xe 4 34 2 led 
*A 181 fipese Ze td 19:5 
*A 182 5D x 4 % 17.8 
*A 183 ay se 7 Ys 16.2 
*A 184 i Se 2 V 14.5 
*A 185 i ad ZI ts 12.8 
*A 186 5 x 4 % 11.0 


* Special, see page 58. 
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ANGLES 


UNEQUAL ANGLES—Continued 


” 


fro 8g 


Weight per Foot, 
Pounds 


0909 09.00 TOO HE 
NAMDMDOIIMANCH 
NARA AAA 


Diy 0900 CO 


BON BHAA 
Ces ee oe 


INMOMMAOAnh 


Oroediadioar 
sleet ie Ronen 


MOMOr~MROOnrN 


So a on 


a 
mm 
oo . 7 . Neuen’ ate ela NcHen wr . Ch 
GS | NoBNAEINENHEONG  FERSEIREE HERS SETS No Ede cle Nicfe Wale SS safe 
od 
25 
= 
SERRATE AAATCTAANATNGT RASS REESE SNS 
NNN SN EN SNA A ON ~ TENN SANSA 
AB | MorerarededaraDedag TACRAPADADAPEDADAD MDADEDADADEDOREIOY oa em ey ary 9 01) CD 0 09 
So | KMMM KKM KKK KM MMMM BM MMMM 
maa 
11919 2919101919 191919 1a IgigaMAIDIAIQ WOOO’ ga aiid i 
SHE HH HH Ht cH 
Bi 
= DPHOSHAMHNO OCR DDOHAMO HOOKHDOOKKR AMTMONDOD 
cl DHWROBABOOD ODQMRAIRODOOHN OCOCCSCORAHDR Fee nARRHHO 
2 FSR SSR HAAAAN AAARAATAN ANAANAANA 
io} 
28) aiideididei ctdidddididididd didi ddieiddiae 
A x * a %. EXKKKKH KH *% eGR Fe SS eee 
mM 


* Special, see page 58. 


CARNEGIE STEEL COMPANY 


ee 


UNEQUAL ANGLES—Continued 


” 


peonnnnnn 8 YQ nanan 


ieee | 


Section Index Size, Thickness | Weight per Foot, 


| Inches Inches Pounds 

*A 220 4x 3 12 igen 

¥A 221 4x3 34 16.0 

*A 229 Aes 44 14.8 
A 223 4 x 3 4 13.6 
A 224 4 x 3 a 12.4 
A 225 4x3 $4 et 
A 226 4x 3 ae | 9.8 
A 227 4 x 3 4 | 8.5 
‘A 228 AS a: 7.2 

*A 283 4x3 Y 5.8 

| 

*A 229 share 3 | 

*A 230 34x 3 33 ia 

*A 231 34x 3 a 13.6 

*A 232 3144x 3 % 12.5 
A 233 3144x 3 i 11.4 
‘A 234 3144x 3 ie 10.2 
A 235 34x 3 ore 91 
A 236 3144x 3 4 7.9 
A 237 34x 3 if 6.6 

*A 286 | 344x 3 u 54 

; | 

*A 238 34% x 2% uu 

*A 239 | 314 x 21% D4 ee 

*A 240 | 314 x 21% 2 10.4 
‘A241 314 x 214 Y 9.4 
A 242 | 3144x2% G 8.3 
A 243 | 314 x 2% bY 79 
A 244 34 x2% % 6.1 
A 245 | 34x 2% | m4 4.9 

| 

¥*A 252 3 x2% ‘) 

*A 253 3 x2 % 32 
A 254 | 3 x 2% i 76 
A 255 8 x2% a 6.6 
A 256 3 x2% fe 5.6 
A 257 | 3 x 2k \y : 

| 7 4 4.5 

*A 258 3x2 1 

*A 259 | Se aD a tae 

*A 260 3 x 2 By abs 

*A 261 ae! o oO 

y) § i 
‘A 262 Sx. 2 yy Ae 


* Special, see page 58. 
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ANGLES 


fe 
| 
3 
i 
<1 
x i ee 
' f I 346 
a a || *A 646 
and 
ve *A 645 
; Size, Thickness, Weight per Foot, 
Section Index Inches Inches Pounds 
*A 264 24x 2 % 6.8 
*A 265 24x 2 ie 6.1 
A 266 24x 2 34 5.3 
A 267 24x 2 16 4.5 
A 268 24x 2 Vy 3.62 
A 269 24x 2 as 2.75 
*A 523 24x 2 % 1.86 
*A 610 2x14 is 3.92 
*A 611 24x1% Yy 3.19 
*A 612 2144x1% & 2.44 
*A 270 244x1% 144 5.6 
A 271 244x1% is 5.0 
*A 272 24x1% 34 4.4 
*A 273 24x1% vs 3.66 
*A 274 244x1% Wy 2.98 
*A 275 244x1% ts 2,28 
*A 631 2x14 3% 3.99 
*A 614 2x14 ts 3.39 
*A 615 2x1¥% A DT 
*A 616 2x1% ts 2.12 
*A 525 2x1% ¥% 1.44 
*A 646 2x1 ye 2.55 
*A 645 2x Ve #5 1.96 
*A 618 134 x 14 Me 2.34 
*A 619 134 x 1% Bi 1.80 
*A 620 134 x 14% 14 1.23 
*A 670 1%x1% ts 2.59 
*A 623 1%x1% ly 2.13 
*A 624 14xi4 ts 1.64 


* Special, see page 58. 
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CARNEGIE STEEL COMPANY 


EQUAL TEES 


: ize, Inches Thickness, Inches Weight 
Sern S per Foot, 
mex Flange Stem Flange Stem Pounds 
T 40 6% 6% 0.40 to 0.55 0.45 19.8 
A eee | 4 4 14 to %e 4 to %e 13.5 
Ny 2 4 4 3% to eo 36 to Ae 10.5 
Ae 8} 3% 3% 14 to %o 4 to %e6 i I rg 
i: 3h 34 3% to “eo 3% to Ae 9.2 
T 6 3 3 4% to %e6 14 to %6 9.9 
ae 76 3 3 eg to 4 he to 4 8.9 
TES 3 3 3% to Ye 3% to he 7.8 
EO 3 3 6.7 


"6 to 3% S46 to 3% 
98 a 


TEES 


EQUAL TEES—Concluded 


Boos 


a 
1 


Beetion Size, Inches , Thickness, Inches ae 
s Flange Stem Flange Stem Pounds 
Gy ilo) 24 24% 34 to ve 34 to ye 6.4 
Ae abil 2% 2% zs to 34 $; to 3% a) 
AA! Te 214 214 tf; to % #; to 34 4.9 
AM 533 24 214 14 to zs ly to 2 4.1 
T 14 2 2 $; to 3% zs to 3% 4.3 
4 gl 11053 2 2 ly to & 4 to 25 3.56 
TEIG: 134 134 1% to 5 \y to + 3.09 
Meat 1% 1% 14 to 4 to & 2.47 
TS 1% 1% Ps to gy tO aa 1.94 
T 19 1% 1144 14 to 2 Yy to & 2.02 
T 20 1% 14% 3; to 3; to & 1.59 
Ayal 1 1 7; tos 3; to & 1.25 
T 22 1 1 4 to xs 1g to & 0.89 


CARNEGIE STEEL COMPANY 


UNEQUAL TEES 


faeces TSE * 
i : H ist 
_& 
' T 
of 
oD 
| 
Ya) 
ok 
44 
. : ee Inches Thickness, Inche [ Weight 
ces bs a a : per Foot, 
ess Flange Stem Flange Stem Pounds 
TO) 5 3 ¥% to ¥, 33 to &% Lig tas 
foi 5 24% 3% to vs to 23 10.9 
52 4% 3% ie to 5% t4 to % aS ey 
T 54 44 3 3% to ye % to ys 9.8 
T 53 4% 3 ts to % ts to % 84 


+T 50 can be rolled with flange 14” to %’’, and stem 314”; weight 13.6 lbs. per foot. 
{ T 51 can be rolled with flange 14’’ to %/’, and stem 254”; weight 13.0 Ibs. per foot. 
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” 


So ee en | 


” 


~-- 24 


TEES 


UNEQUAL TEES—Continued 


Vo--==5 


y 
ee 
. i 


” 


See 


= 
hea 
aN vas 


. + . . h 
Seetion Size, Inches Thickness, Inches a a 
Flange Stem Flange Stem Pounds 
T 56 4% 24% 34 to 34 to xe 9.2 
T 55 AY 2 $f, to % ts to % 7.8 
TV 57 4 5 4 to 4 to #5 15.3 
T 58 4 5 38 to 34 to ye 11.9 
T 59 4 4 14 to 2 144 to 14.4 
T 60 4 4 % to % 8 to & 11.2 
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CARNEGIE STEEL COMPANY 


UNEQUAL TEES—Continued 


4 Se Se ot a 


ey eee 
S73 


Section Size, Inches Thickness, Inches Weight 
Index | Flange Stem Flange Stem Mee : 
T 61 4 3 3% to ae 3% to ale 9.2 
oe 4 3 ws to% | 4; to % 7.8 
T 62 4 2% 3% to ye 3% to % 8.5 
63 4 2% tsto% | w to % 7.2 
nos 4 2 % to ve | 34 to qs 7.8 
ae . 2 1s to % ts to % 6.7 
T 66 3% 4 Mtoe | Ktoy 12.6 
hey 3% 4 36 to ¥ % to 9.8 
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TEES 


UNEQUAL TEES—Continued 


senna === === - 3y---------> = 
{ 5 1s 
_& 
i T 70 
ee. 
3d 
neo ee Bos aa 
H s eS . 
| | 
‘ T 72 = s T 74 
' 
ae ; oae 
aye 3c 
ecvcns Jae aaa aoa? 
i S test : rsd 
i AY i a 
} nm | ; 
ee Ne 
a T 75 oo ALi 
' j 
‘ EN 
MG HZ aye 
% Ae % 
ri . Weight 
Section Size, Inches Thickness, Inches ae 
Index Flange Stem Flange Stem Pounds 
T 69 3% 3 % to x % to x 10.8 
T 70 3% 3 3% to Ye ¥% to ye 8.5 
Min) ei 3% 3 ts to % % 7.5 
A Ne4 3 4 14 to & 44 to bare 
Gere} 3 4 7%; to % 7 tol 10.5 
Tl 74 3 4 3% to qo 3% to ye 9.2 
gt! 75s 3 3% 4 to ws 4% to wf 10.8 
7.6 3 34 ie to % te to 9.7 
GD ey 3 3% % tO Ye %% tO Yo 8.5 
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CARNEGIE STEEL COMPANY 


UNEQUAL TEES—Concluded 


3 --- ee hs 


(fea a 
f 


t-1YA—s 
' Qis 
Ree E 
—“T*T 608 
Ti 
Sachion Size, Inches Thickness, Inches Ba 
Index Flange Stem Flange Stem Pounds’ 
T 78 3 2 3% to yr % to Tell 
T 79 3 214 § to 3% qi; to 3% 6.1 
T 82 2 3 34 40 a 3% to yy Hail 
133 2% 3 ts to 34 zs to % 6.1 
T 86 21% 1% 3% to ¥ ty to 2.87 
T 87 2 1% yy to + 4 to 3 3.09 
T 519 1% 2 # to #; to & 2.45 
T 605 1% 1% % to ¥ ¥% to ® 1.25 
*T 603 1% % No. 9 ¥% to No.7 0.88 


* Furnished only by special arrangement. 
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TEES 


MISCELLANEOUS TEES 


* 
T 157 
eet eek 
a eS 
As “4 


Section Size, Inches Thickness, Inches To 
Index Flange Stem Flange Stem teachde : 
*T 156 4 iS See cut Yytol abate} 
Ese Baap 3% 2% See cut 6 to 6 Thee 
coal bY alist) 3 24% See cut 546 to Ae 7.0) 


* Furnished only by special arrangement. 
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CARNEGIE STEEL COMPANY 


Weight 
per Foot, 
Pounds 


Thickness, 
Inches 


Meako St 
NSB 


HONGO 


rid 


ot 


2 \EI,_O\g0 
In NEES 


Eee 


‘ 
MEN see 


Flange 


Size, Inches 
eb 


NPQ ON 20 (ONT 
CORN Wal 


lat 


CHOON 6D OD 


SNES 
neo 09 


REN EEN 
cocnan aDanen 


SwakNa Saka 


Ine 


oNened MD OD OS 


Section 
Index 


Z3 


Z2 


Z1 


Z6 


Z5 


ZA4 
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ZEES 
ZEES—Concluded 


Weight 
Foot: 
J ounds 


per 


oct 
\ et 
t a 
! o 8 
\ ag Adio < 
a HE | SS ERE EN Ee EEK EN 
SS eh 
oa é nn a 
f ' 
' Yr] || 
a) a we 
Wee “2 00 i © 
~ 2 e0 
KONCO (0 pgONOO KO on fONCO_ IO NHK Ne FH {co\90) 
: ee) IN. a Re cai i a Se oe CaN 
i) { ae = MOOD COMO MMM ANNAN AN ANT 
al f Se & 
1 1 S 
| 
“4 
1 
{ 
' 3 
A Sei 
~ 0 a) 0 00 
Se a o RHE rr a SS In of -£ oH - ASS 
an EB) Hat Hott atid oo om om doo 
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o 
oh kONCO ot 4 
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S| ceo MoM OMMANAN AN aa 
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* Furnished only by special arrangement. 


CARNEGIE STEEL COMPANY 


UNITED STATES STEEL SHEET PILING 


| 


~1J------» 


L 
| 


31544 


ieeedenrst ar 


") 
6] 


<--3154 


u“ ” 
1 igy" Fe eae ; 
Nigu -------------75 40 


Section Index 


Width, Web Thickness, Weight per Foot, 
Inches Pp Inches Pounds 


M 105 1314 % 42.5 
M 104 134% % 38 
M 103 944 Mw 16 


This Company manufactures Friestedt Interlocking Channel Bar Piling and Symmetrical 
Interlock Channel Bar Piling, in addition to United States Steel Sheet Piling. Full information ag 


oa properties and uses of these sections is given in a separate pamphlet entitled “Steel Sheet 
iling. 
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FLOOR PLATES 


TROUGH PLATES 


*M 10 


a 


(ES a eee ae 


CORRUGATED PLATES 


Section Width, Depth, Thickness, Weight per Foot, 
Index Inches Inches Inches Pounds 
*M 14 914 334 34 23.2 
*M 13 91% 3 34 1g 21.4 
*M 12 91% 334 vw 19.7 
*M 11 9% 334 6 18.0 
*M 10 914 334 44 16.3 
*M 35 12346 2% m9 23.7 
*M 34 12% 6 21346 VAs 20.8 
*M 33 12%6 2 34 34 17.8 
*M 32 834 1% 36 12.0 
*M 31 834 1%6 6 10.1 
*M 30 834 14% M4 8.1 


* Furnished only by special arrangement. 


CARNEGIE STEEL COMPANY 


CHECKERED PLATE 


Section at Rib 


lero Thickness, Width and Length, Inches oe — 
Index Inches 6 to 11% 12 to 48 | 483% to 60 se 
M54 M% 120 240 240 21.4 

M 53 Ae 120 240 240 18.9 

M 52 3% 120 240 240 16.3 

M 51 46 120 240 240 13.8 

M 50 14 120 240 240 Li 

M 49 346 120 180 8.7 
Checkered plates of greater lengths than shown in the above table may be submitted for special 

consideration. 
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FLAT ROLLED STEEL 


RECTANGULAR AND CIRCULAR PLATES—Carbon Steel 
SHEARED PLATES, THREE-SIXTEENTH INCHES AND UNDER, EXTREME SIZES 


Thickness,| Weight, Widths and Lengths in Inches : 

Inches, Lbs. per Diameter, 
B.W. Sq. Ft 74 | 72) 70 | 68 | 66 || 64 || 60 Inches 

346 7.65 200 | 220 | 240 | 250 | 270 | 320 | 375 77 

¥No. 8 6.73 200 | 210 | 216 | 230 | 260 | 280 74 
*No. 9 6.04 160 | 170 | 190 | 220 | 240 70 
*No. 10 5.47 144 | 170 | 200 | 230 68 
* i 5.10 140 150 160 66 
SIN tt he 5 bee 140 | 150 | 160 66 
WINGS HOW 56 eae 120 | 130 | 144 64 
Thickness,| Weight, ; 

Inches, | Lbs.per | 54 | 48 | 42 | 36 | 30 | 24 Paved 

B. W.G. Sq. Ft. 

346 PROS 400 400 400 375 oun 400 ad. 

*No. 8 6.73 300. | 340 | 350 | 350 | 350 | 340 74 
*No. 9 6.04 280 300 310 330 330 280 70 
*No. 10 5.47 240 | 260 | 270 | 300 | 300 | 260 68 
cy XY 5.10 200 220 230 260 260 260 66 
INO Gee | 200N 22081230) | 260) |) 260) e260 66 
NO), 12 | ae ee 180 | 200 | 220 | 240 | 240 | 240 64 


Rectangular Plates 46’ thick, over 74’”” wide and Circular Plates 84¢’’ thick, over 77’’ diameter 
can be furnished to gage only and only under certain conditions. Such sizes should be submitted for 
special consideration. 

*Plates under 84¢’’ thick are furnished only by special arrangement. 
14”’ should be specified to gage only. 
Plates of greater dimensions than shown in above table, may be submitted for special consideration, 


Plates lighter than 


RECTANGULAR UNIVERSAL PLATES—Carbon Steel 
UNIVERSAL MILL PLATES, ONE-FOURTH INCH AND OVER, EXTREME SIZES 


Thick- | Weight, Widths and Lengths in Inches 
ness, | Lbs. per 
Inches | Sq. Ft. |48-46)45-41/40- 36 35-31)30- 26/25- 20/19- 17)16-15)14-12) 11 |10-6% 
yy 10.20 1020 | 1020 | 1020] 1020) 540] 540 
546 12.75 | 1020| 1020/1140) 1260] 1320) 1320] 1080) 1080] 1080} 600; 600 
% 15.30 | 1200) 1200; 1320] 1380} 1380/1380) 1080; 1080) 1080) 900] 840 
74g, | 17.85 | 1320] 1320] 1380] 1380 | 1380] 1380] 1080; 1080) 1080) 900] 840 
4 20.40 | 1380] 1380] 1380] 1380] 1380} 1380] 1080 | 1080} 1080) 1020) 840 
6 92.95 | 1380] 1380] 1380] 1380] 1380] 1380} 1080) 1080; 1080} 1020 | 840 
54 25.50 | 1380] 1380] 1380] 1380} 1380 | 1380/ 1080} 1080) 1080) 1020; 840 
34 30.60 | 1353] 1357 | 1363 | 1372] 1380] 1380] 1080] 1080] 1080; 900) 840 
iy 35.70 | 1160] 1163|1169| 1177| 1188 | 1203] 1080} 1080; 1080; 900] 840 
1 40.80 | 1015] 1018 | 1023 | 1030] 1039 | 1052] 1080) 1080} 1080} 900] 840 
1% 45.90 | 903} 905| 910} 916| 924] 936/1080/ 1080/1080; 840) 840 
14% 51.00 | 812] 814] 818} 824] 832] 84211071/1080| 1080) 840) 840 
1% 56.10 | 738| 740) 744| 749] 756] 766] 973|1080] 1080; 840; 840 
1% 61.20 | 677| 679| 682| 687} 693} 702) 892|1059|1080); 840; 840 
15% 66.30 | 625| 626] 629] 634] 640| 648] 823] 978]1080; 840/ 840 
1% 71.40 | 580) 581| 584] 588} 594} 601] 765] 908]1038] 720] 720 
1% 76.50 | 541| 543] 545| 549] 554] 561] 714] 847] 968; 660); 720 
2 81.60 | 507] 509| 511| 515| 519] 526] 669] 794] 907] 600} 720 


Plates of greater dimensions than shownin above table, may be submitted for special consideration. 


= 
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RECTANGULAR AND CIRCULAR PLATES—Carbon Steel 


SHEARED PLATES, ONE-FOURTH INCH AND OVER, EXTREME SIZES 


Widths and Lengths in Inches 
Thick- | Weight, ees encore lard 


Diam., 
ness, | Lbs. per }——— ] ] Inches 
Inches | Sq. Ft. | 132 | 126 | 120 | 114 | 108 | 102 | 96 | 90 | 84 78 
Y% | 10.20 175 | 250 | 280 | 300 | 330 | 375 | 400 | 115 
eg | 12.75 240 | 270 | 320 | 360 | 380 | 420 | 440 | 460 | 120 
% | 15.30 | 180 | 240 | 270 | 320 | 365 | 380 | 410 | 450 | 500! 550 | 132 
Yc | 17.85 | 200 | 270 | 300 | 360 | 370 | 410 | 480 | 460 | 510 | 550! 132 
4% | 20.40 | 240 | 270 | 320 | 365 | 400 | 450 | 480 | 510 | 550 | 580 | 134 
%e | 22.95 | 240 | 270 | 330 | 373 | 420 | 470 | 500 | 530 570 | 600] 134 
5@ | 25.50 | 240 | 300 | 350 | 390 | 450 | 500 | 520 | 540 | 600 620) 134 
146 | 28.05 | 240 | 300 | 360 | 420 | 450 | 500 | 520 | 540 | 600 , 620 | 134 
2% | 30.60 | 240 | 300 | 360 | 400 | 450 | 490 | 520 | 540 | 600 | 620! 134 
134, | 33.15 | 240 | 300 340 | 385 | 440 | 490 | 510 | 530 | 600 | 620| 134 
% | 39.70 | 240 | 300 | 330 | 375 | 440 | 480 | 510 | 530 | 600 | 620 | 134 
1 ' 40.80 | 240 | 300 | 300 | 340 | 440 460 | 500 | 530 | 580 | 600 | 134 
174 | 45.90 | 240 | 300 | 300 | 330 | 410 | 440 | 450 | 500 | 550 | 580 | 132 
14 | 51.00 | 230 | 270 | 300 | 310 | 380 | 400 | 420 | 490 | 530 | 550 | 132 
1% | 61.20 | 210 | 230 | 260 | 280 | 330 | 320 | 340 | 420 | 440 | 480 | 13° 
134 | 71.40 | 200 | 200 | 220 | 240 | 280 | 270 | 300 | 380 | 380 | 410 | ise 
2 81.60 | 180 | 180 | 190 | 210 | 240 | 240 | 260 | 320 | 330 | 360 | 132 
274 | 91.80 | 132 | 160 | 170 | 190 | 210 | 210 | 230 | 280 | 295 | 320 | 139 
Thick- | Weight, 


| Diam., 
eee ee | (2 | 66 | 60.) S| 50 | 4a | de. | ge.) ap ores 
Inches | Sq. Ft. | 


4 10.20 | 430] 475 | 525 | 530 | 530 | 530 | 530 | 530 530 | 5380} 115 
546 | 12.75 | 480 | 500 | 560 | 550 | 575 575 | 550 | 550 | 550 | 580 | 120 
3% 15.30 | 600 | 600 | 620 | 620 | 620 | 620 | 600 580 | 600 | 600 | 132 
%o | 17.85 | 600 | 630 | 63 640 | 640 | 640 | 600 | 580 | 600 | 600 | 132 


a 
i s 


20.40 | 610 | 630 | 630 | 640 | 640 | 640 | 600 580 | 630 | 600 | 134 
%6 | 22.95 | 620 | 640 | 640 | 640 | 640 | 640 600 | 580 | 630 | 600 | 134 
5 | 25.50 | 620 | 640 | 640 | 640 | 640 640 | 600 | 580 | 600 | 600 | 134 
146 | 28.05 | 620 | 640 | 640 | 640 | 640 | 640 600 | 580 | 600 | 580 | 134 
% | 30.60 | 620 | 640 | 640 | 640 | 640 | 640 600 | 580 | 600 | 580 | 134 

1316 | 33.15 | 620 | 640 | 640 | 640 | 640 640 | 600 | 580 | 570 | 550] 134 

% | 35.70 | 620 | 640 | 640 | 640 | 640 640 | 600 | 580 | 550 | 550 | 134 
1 40.80 | 600 | 630 | 630 | 640 | 640 | 640 580 | 580 | 520 | 530 | 134 
1% | 45.90 | 580 | 620 | 620 | 640 | 640 640 | 580 | 580 | 520 | 500 | 132 
144 | 51.00 | 550 | 600 | 600 | 600 600 | 600 | 560 | 560 | 520 | 450] 132 
1% | 61.20 | 530 | 600 | 600 | 600 | 600 600 | 540 | 540 | 470 | 430 | 132 
1% | 71.40 | 450 | 490 | 550 | 550 550 | 550 | 540 | 540 | 430 | 380! 132 
2 81.60 | 400 | 440 | 480 | 500 | 500 500 | 500 | 500 | 400 | 350 | 132 
214 | 91.80 | 350 | 390 | 420 | 450 450 | 450 | 450 | 450 | 300 | 200 132 


Plates 48’” wide and under can also be rolled on Universal Mills. 
For greater length and Universal Mill Sizes, see Universal Mill Plate Table. 
Plates of greater dimensions than shown in above tables may be submitted for special consideration. 
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FLAT ROLLED STEEL 


RECTANGULAR PLATES—Nickel Steel 
SHEARED PLATES, ONE-FOURTH INCH AND OVER, EXTREME SIZES 


Thick- Widths and Lengths in Inches 

ness, | 

Inches |102| 96 | 90 | 84 | 78 | 72] 66 | 60| 54 | 50] 48 | 42] 36] 30) 24 
i 240 | 240 | 260/280 280) 280] 280} 280 260) 260 
Ae 260 | 260] 270 | 300} 310 | 310) 340/340 | 340 | 310] 310 
36 280 | 340 | 390 | 420 | 450] 500 | 500) 500 | 500} 480 | 450} 450 | 430) 430 
746 1 | 260 | 300 | 360 | 400 | 430 | 480 | 520 | 520) 520 | 520| 500 | 490| 490} 480] 480 
4% 270 | 320 | 380] 420] 460 | 485 | 520 | 520| 520) 520] 500| 490} 490 | 480] 480 
%e | 270/320] 380 | 420 | 460 | 485 | 520 | 520} 520] 520| 500] 490 | 490| 480) 480 
54 279! 300) 355 | 390 | 440) 480/520] 520] 520) 520) 500| 500/500 | 480] 450 
11446 | 260} 300} 355 | 390 | 440 | 460 | 490 | 500| 500 | 500| 500 | 500/ 480 | 480) 450 
34 260 | 300} 355 | 390 | 440] 450! 460 | 500) 500 | 500| 500) 500} 480 | 480} 450 
134, | 260] 300 | 355 | 390 | 440 | 440 | 460 | 480) 500 | 500} 500 | 500 | 480 | 460 | 440 
K% 260 | 300 | 355 | 390 | 440 | 440] 460 | 480 | 480 | 480} 480 | 480| 480 | 450 | 440 
1 | 260 | 290 | 320| 370 | 400 | 430] 440 | 460 | 480 | 480| 480 | 480] 440 | 420 | 420 
14% | 250} 270 | 295 | 330| 375 | 400/ 410| 420 | 440 | 440| 440 | 440} 440 | 420| 420 
14 240 | 260 | 290| 315 | 330 | 350| 360 | 380 | 390 400 | 400 420] 420 | 400/400 
1% 230 | 260 | 290 | 290 | 310/330] 350 | 370] 390 | 390! 390 | 390| 380 | 380 | 360 
134 220 | 230| 250 | 270) 300 | 310] 330 | 350 | 370 | 390} 390] 360] 340 | 340/320 
2 210| 230] 250 | 260 | 290 | 295 | 310 | 330| 350 | 370 | 370 | 340 | 320 | 320 | 290 


RECTANGULAR PLATES—Nickel Steel 
UNIVERSAL MILL PLATES, ONE-FOURTH INCH AND OVER, EXTREME SIZES 


Thicke Widths and Lengths in Inches 
oe 48-46 | 45-41 | 40-36 | 35-31 | 30-26 | 25-20] 19-17|16-15/14-12) 11 |10-64 
| 
“% 660} 660) 660, 540} 540 
546 540| 540| 600} 660| 720] 780} 780) 780; 780} 600; 600 
34 720| 720| 780} 840] 960] 960 1020] 1020; 1020; 900; 840 
Ac 840] 840] 960] 1020 | 1080} 1080 | 1020 | 1020; 1020; 900} 840 
uy 960 | 960 | 1080} 1140 | 1200 | 1200 | 1020 | 1020 | 1020 | 1020} 840 
%e 960] 960] 1080 | 1140 | 1200 | 1200 | 1020 | 1020 | 1020 | 1020} 840 
5% 900 | 900! 1020 | 1080] 1140 | 1140 | 1000 | 1000 | 1020) 1020] 840 
34 840| 840] 960] 1020] 1080 | 1080 | 1000} 1000 | 1020) 900] 840 
yy 780| 780} 840] 960} 960] 960) 1000] 1000 | 1000; 900) 840 
1 720| 750] 780} 816! 840] 900) 1000] 1000 | 1000) 900); 840 
1% 640| 667] 693] 725] 744] 800} 1000} 1000/1000) 840) 840 
14 575 | 600] 624] 652] 672] 720) 1000] 1000| 1000) 840; 840. 
1% 525| 545| 567] 593] 600] 655; 970; 1000/1000) 840) 840 
1% 480| 500] 520| 544] 540] 600} 890/ 1000; 980; 840) 840 
1% 444| 461| 480] 502] 504] 554] 820] 978; 980] 840| 840 
134 410] 428| 445] 466| 480] 514] 765) 908] 980| 720| 720 
1% 384] 400| 416] 435] 444] 480] 710) 847) 968| 660| 720 
2 360| 375] 390] 408! 420| 450! 670]! 794! 908] 600| 720 


Allsizes of Rectangular Nickel Steel Plates given in above tables under 14/’ thick should be 
specified to gage only. Plates 14’’ thick and over can be rolled to either gage or weight per square 


foot, 
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CARNEGIE STEEL COMPANY | 


SQUARE EDGE FLATS 
<--Width->, 


P-A 
ere lrnfetoniess 


34’" to3’, wide, x any thickness, 1/’, up to width. 
Over 3” to5”, wide, x any thickness, 4’’ to 3’, inclusive. 
Over 5’ to7’’, wide, x any thickness, 14” to 2’, inclusive. 
Over7” to 714”, wide, x any thickness, 54¢” to 1144”, inclusive. 
Over 714” to 8”, wide, x any thickness, 546” to 1” inclusive. 


Sizes not listed will be considered. 


NUT STEEL FLATS 


All sizes of Nut Steel Flats within the range of Square Edge Flats can be 
furnished. Some of the smaller sizes ean be furnished in coils. 


BAND EDGE FLATS 


fo-------~Width----—---—, 

' C —_—_) -, Thickness 
3%", wide, x No. 18 to No. 4 B. W. G. 
The’, wide, x No. 19 to No. 4 B. W. G. 
y"’" wide, x No. 22 to No. 4B. W. G. 
%e” to 1”, wide, x No. 23 to No. 4B. W. G. 

Ise’ to 2”, wide, x No. 22 to No. 4 B. W. We 
21446" to 3’, wide, x No. 21 to No.1 B. W.G 
346 to 314”, wide, x No. 20 to No. 1B. W.G 
3%e6”” to 4’, wide, x No. 19 to No.1 B. W.G 
4M4e"" to 414”, wide, x No. 18 to No. 1B. WwW. G 
4%o'" to 5449’, wide, x No. 17 to No.1B. W.G 
5%"’ to 634’, wide, x No. 16 to No: 1B. WwW. G 
61346" to 854", wide, x No. 14 to No. 1 B. W. G 
81146’ to 954”, wide, x No. 12 to No. 1B. W.G 

104", wide, x No. 12 to No. 1 B. W.G 


From 3%” to 95” intermediate widths can be furnished. 


Over 954” in width, the size listed is the only one which is rolled, but 
intermediate widths will be considered. 


SKELP 


All sizes within the range of Sheared Plates, Universal Mill Plates and 
Band Edge Flats can be furnished. 
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MERCHANT BARS 


SQUARES 


i 
| Size 
ay 


Size %.’’ to 2’, inclusive, advancing by 64ths. 

Size 2140’ to 314”, inclusive, advancing by 32ds. 

Size 3%.5”’ to 51%”, inclusive, advancing by 16ths. 
Squares can also be rolled to decimal dimensions, if so arranged. 
Squares 74’ and smaller can be furnished in coils. 


ROUND CORNERED SQUARES 


=) 


Size 14’ to 3”, inclusive, advancing by 64ths. 


ROUNDS 


~ 
C) lSize 
A+ 


Size %2" to 134”, inclusive, advancing by 64ths. 

Size 12542" to 314”, inclusive, advancing by 32ds. 

Size 3%.” to7”, inclusive, advancing by 16ths. 
Rounds can also be rolled to decimal dimensions, if so arranged. 
Rounds 7%”” and smaller can be furnished in coils. 


HALF ROUNDS 


Size %“e_’ to 7%’, inclusive, advancing by 64ths. 
Size 1546’ to 134’’, inclusive, advancing by 16ths. 
Size 2’’, 214’’, 3”. 


HEXAGONS 


NG 
3 | Size 
{__» 


Size 1%” to 11146’, inclusive, advancing by 32ds. 
Size 134’ to 3%46”, inclusive, advancing by 16ths. 
Size 3%46’’ 


OCTAGONS 
& ‘Size 
fv 
Size 14’’ to 2”, inclusive, advancing by 32ds. 


Aeoe es aes es 


CARNEGIE STEEL COMPANY 


SQUARE INCHES 


Thickness, Inches 
Width, eS ee ee 
Tach ia 

| Ho | % |%0] % | Ke! 36 | Hie! %4 | M01 56 la%0l 94 [2546 % |1546| 1 
44| .016] .031] 047] .063) .078) .094! .109 -125) .141] .156} .172] .188 soe) 22 25 45) 
Yo! .031) .063} .094] .125] 156] .188 219} .250) .281] .313] .344 375] .406} .44] .47] .50 
34] .047| .094| .141] .188] .234! .281 +328) .375] .422] .469] .516| .563 -609] .66] .70) .75 
1 -063) .125] .188) .250} .313} 875! 438 -500) .563) .625) .688] .750 813] .88] .94] 1.00 
114] .078) .156| .234) 313] .391) .469 -547| .625) .703] .781] .859] .938 1.016] 1.09] 1.17] 1.25 
114} .094) .188} .281] .375] .469] .563 -656] .750| .844) .938) 1.031 1.125/1.219] 1.31] 1.41] 1.50 
134| .109| .219] 328] .438) .547/ -656| .766} .875] .984/1,094 1,203} 1.313} 1.422) 1.53] 1.64 LAS) 
2 125] .250| .375/ .500) .625! .750) -875) 1.000) 1.125) 1.250! 1.375 1.500) 1.625] 1.75] 1.88] 2.00 
214] .141) .281] .422) .563) 703) -844, .984! 1.125) 1.266 1.406 1.547) 1.688) 1.828) 1 be By OAS 
214] .156} .313 469) -625| .781, .938/1.094/ 1.250 1.406] 1.563) 1.719 1.875) 2.031| 2.19] 2.34] 2.50 
234/ .172) .344 -516) .688) .859 1.031/1.203 1.375] 1.547] 1.719] 1.891 2.063] 2.234] 2.41 2.58] 2.75 
3 -188) .375} .563] .750) .938 1.125 1.313) 1.500) 1.688! 1.875] 2.063 2.250! 2.438] 2.63] 2.81] 3.00 
314] .203] .406] .609} .813 1.016 1.219/1.422/ 1.625 1.828) 2.031} 2.234] 2.438]2.641 2.84] 3.05] 3.25 
319] .219) .438] .656| .875|1.094/1.313 1.531) 1.750) 1.969 2.188) 2.406 2.625/2.844] 3.06] 3.28] 3.50 
334| .234] .469] .703] .938 1.172 1.406 1.641) 1.875] 2.109]2.344|2.578 2.813/3.047| 3.28) 3.52 3.75 
4 250) .500) .750/1.000/1.250 1.500/1.750/ 2.000) 2.250) 2.500 2.750)3.000/3.250] 3.50 3.75| 4.00° 
414) .266| .531] .797 1.063 1.328/1.504 1.859) 2.125] 2.39112.656 2.922/3.188/3.453] 3.72 3.98] 4.25 
414/ .281) .563] .844/1.12511.406 1,688)1.969) 2.250 2.531/2.81313.09413.375 3.656) 3.94] 4.22] 4.50 
4341 .297] .594) .891 1.188'1.484 1.781 2.078) 2.375] 2.672) 2.969 3.266/3.563/3.859] 4.16 4.45| 4.75 
5 313) .625) .9381.250 1,563 1.875,2.188 2.500) 2.813/3.125/3.438 3.750/4.063} 4.38] 4.69| 5.00 
514] .328) .656] .984 1.313 1.641/1.969]2,297|2.625/2.953/3.981 3.609] 3.938] 4.266] 4.59 4.92) 5.25 
5} 9| .344) .688 7dIL.71S 3: 2.750}3.094/3.438/3.781 4.125/4.469| 4.81] 5.16 5.50 
534 309 71 8 1.797)5 : 2.875) < 34/3.594|3.953/4.313 4.672) 5.03] 5.39] 5.75 
6 ey a ey 125 1.500 1.8 5|3.000) 5)3.750 4.125) 4.500/4.875 5.25| 5.63] 6.00 
614 391 781/1.172/1.563)1 -953,2.344/2.734 3.125)3.516 3.906) 4.297 4.688/5.078] 5.47] 5.86 6.25 
616 5 31.2 5/2.031'2.438)2.5 3.250/3.656)4.063)/4.469 4.875/5.281) 5.69] 6.09] 6.50 
634 1.2 2.1092 13.376|3.797/4.219 4.641/5.063|5.484| 5.91 6.33] 6.75 
7 i? 2.188): 3.500/3.938} 4.375] 4.813 5.250) 5.688] 6.13] 6.56 7.00 
7 3.625] 4.078]4.531/4.98415 438]5.891] 6.34] 6.80 C25 
(8 3.750) 4.219/4.68815.15615 625/6.094| 6.56] 7.03 7.50 
73, 906'9.391) 3.875] 4.359] 4,844] 5.39915 813/6.297| 6.78] 7.271 7.75 
8 3.000)3.; 4.000) 4.500] 5.000/5.500 6.000}6.500) 7.00] 7.50 8.00 
814] .516]1.031/1 547) 3.094:3.609)4.125)4.641 5.156) 5.672]6.188]6.703 7.22] 7.73) 8.25 
819] .531/1.063/1.5949.195: 3.188)3.719) 4.250) 4.781/5.313 5.844/6.375/6.906] 7.44 7.97| 8.50 
834 OAT 1.094 1.641 188)2.7¢ 281/3.828]4.375/4,929 5.469/6.016]6.563 7.109] 7.66] 8.20 8.75 
9 563/1.125/1.688 3'3.375)3.938]4.50015.063 5.625)/6.188]6.750/7.313 7.88] 8.44] 9.00 
914] .578/1.156/1. 2.891 4.625)5.203]5.781/6.359 6.938|7.516] 8.09] 8.67 9.25 
9 Mg .594/1. 1881. 2.969 3/4. 4.750|5.34415.938 6.531]7.125]7.719] 8.31 8.91] 9.50 
934 -609/1.219 8 S 83.047 656:4.266 4.875) 5.484! 6.094 6.703|7.313] 7.922 8.53] 9.14] 9.75 
10 -625/1.250/1. 3.125)/3.750/4.375 5.000) 5.625] 6.250 6.875] 7.500]8.125] 8.75 9.38]10.00 
1014 -641)1.281 1.922)2.563 3.203|3.844/4.484] 5.195 5.766) 6.406] 7.047]7.688 8.328] 8.97] 9.61]10.25 
10% 656 L313 1.969)2.6: 5/3.281|3.938/4.594 5.250) 5.905]6.563) 7.219 7.875/8.531| 9.19] 9.84 10.50 
1074) .672|1.344/2.016 2.6883.35914.0314.703|5.37516 04716 719|7.391|8.063|8.734] 9.41]10.08| 10.75 
1l -688/1.375|2.063 2.750/3.438/4.125 4.813/5.500) 6.188} 6.875 7.563}/8.250) 8.938] 9.63 10.31) 11.00 
1114} .703]1.406/2.109 2.813)3.516/4.219:4,999 5.625/6.32817.031]7.734 8.438] 9.141] 9.84]10.55 11.25 
1114} .719|1.438 2.156/2.875/3.594 4.31315.031 5.750) 6.469|7.188 7.906} 8.625] 9.344]10.06 10.78} 11.50 
1134] .73411.469 2.203 2.938) 3.672 f40n}.141 5.875) 6.609|7.344|8.078 8.813] 9.547/10.28/11.02 11.75 
12 -750\1.500|2.250/3.000 3.750|4.500/5.250) 6.000 6.750}7.500}8.250 9.000] 9.750|10.50/11.25 12.00 
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AREAS OF RECTANGLES 


AREAS OF RECTANGULAR SECTIONS—Continued 
SQUARE INCHES 


; Thickness, Inches 
Width, 
Inches 

te | % | %e| % |e} % | Ae! % | Me] % |1%6) 84 |13846] % | 1546 
1216| .781/1.563)/2.344) 3.13) 3.91] 4.69) 5.47] 6.25] 7.03] 7.81} 8.59} 9.38) 10.16] 10.94) 11.72 
13 .813/1.625]2.438! 3.25] 4.06) 4.88] 5.69} 6.50] 7.31] 8.13] 8.94] 9.75/10.56]11.38]12.19 
1314] .844/1.688/2.531| 3.38] 4.22) 5.06) 5.91) 6.75) 7.59) 8.44] 9.28)10.13] 10.97] 11.81] 12.66 
14 .875/1.750/2.625] 3.50] 4.38) 5.25} 6.13) 7.00) 7.88} 8.75] 9.63)10.50!11.38/12.25) 13.13 
1414] .906|1.813]2.719) 3.63) 4.53] 5.44) 6.34] 7.25] 8.16) 9.06) 9.97|10.88/ 11.78) 12.69] 13.59 
15 .938]1.875|2.813] 3.75) 4.69) 5.63) 6.56) 7.50] 8.44) 9.38)10.31)11.25)12.19]13.13) 14.06 
1514] .969/1.938/2.906} 3.88) 4.84) 5.81) 6.78] 7.75] 8.72) 9.69] 10.66) 11.63] 12.59/13.56) 14.53 
16 |1.000/2.000/3.000] 4.00} 5.00] 6.00] 7.00} 8.00} 9.00) 10.00) 11.00) 12.00) 13.00] 14.00) 15.00 
1614 |1.031|2.063/3.094) 4.13] 5.16) 6.19) 7.22) 8.25) 9.28) 10.31)11.34) 12.38) 13.41)14.44)/ 15.47 
17 —-|1.063/2.125/3.188] 4.25) 5.31) 6.38] 7.44) 8.50) 9.56)10.63) 11.69) 12.75|13.81/14.88) 15.94 
1714 |1.094|2.188]3.281] 4.38) 5.47) 6.56] 7.66) 8.75| 9.84) 10.94) 12.03) 13.13) 14.22]15.31/ 16.41 
18 |1.4125/2.250/3.375] 4.50] 5.63) 6.75) 7.88) 9.00)10.13) 11.25) 12.38) 13.50) 14.63) 15.75| 16.88 
1814 |1.156|2.313|3.469| 4.63) 5.78] 6.94) 8.09) 9.25 10.41/11.56 12.72]13.88 15.03}16.19)17.34 
19 |1.18812.37513.563| 4.75} 5.94) 7.13] 8.31] 9.50/10.69}11.88) 13.06) 14.25) 15.44) 16.63)17.81 
1914 ]1.219|2.438/3.656| 4.88] 6.09] 7.31] 8.53} 9.75) 10.97/12.19/13.41| 14.63) 15.84) 17.06) 18.28 
20 |1.25012.500/3.750| 5.00] 6.25] 7.50} 8.75]10.00| 11.25) 12.50] 13.75) 15.00/ 16.25] 17.50| 18.75 
2014 1.281 |2.563/3.844] 5.13] 6.41] 7.69] 8.97/10.25)11.53) 12.81 14,09) 15.38) 16.66] 17.94) 19.22 
91° 11.313|2.625/3.938] 5.25] 6.56] 7.88} 9.19)10.50)11.81) 13.13) 14.44115.75/ 17.06) 18.38! 19.69 
2114 |1.344/2.688|4.031| 5.38] 6.72) 8.06) 9.41/10.75) 12.09 13.44] 14.78) 16.13]17.47| 18.81) 20.16 
92 11.375|2.75014.125] 5.50) 6.88} 8.25) 9.63/11.00] 12.38) 13.75) 15.13| 16.50) 17.88) 19.25 | 20.63 
2214 |1.406/2.813|4.219} 5.63] 7.03) 8.44) 9.84/11.25 12.66] 14.06) 15.47/16.88] 18.28|19.69/21.09 
93° |1.438/2.875/4.313] 5.75) 7.19] 8.63/10.06/11.50/12.94/ 14.38) 15.81) 17.25) 18.69] 20.13) 21.56 
2314 |1.469|2.938/4.406] 5.88) 7.34) 8.81/10.28)11.75 13.22) 14.69] 16.16) 17.63) 19.09) 20.56) 22.03 
24 —|1.500|3.000|4.500} 6.00) 7.50 9,00|10.50/12.00| 13.50] 15.00] 16.50) 18.00) 19.50)21.00)/ 22.50 
25 6.25] 7.81] 9.38]10.94/12.50| 14.06) 15.63) 17.19] 18.75] 20.31) 21.88) 23.44 
26 6.50] 8.13} 9.75/11.38]13.00] 14.63] 16.25/17.88] 19.50) 21.13}22.75) 24.38 
27 | 6.75! 8.44/10.13/11.81/13.50] 15.19} 16.88) 18.56)20.25] 21.94) 23.63)25.31| 2 
28 7.00] 8.75/10.50/12.25]14.00| 15.75] 17.50} 19.25] 21.00) 22.75) 24.50)26.25 
29 |1.813/3.625|5.438) 7.25] 9.06/10.88]12.69|14.50|16.31)18.13) 19.94 21.75] 23.56|25.38/27.19 
30 11.875/3.75015.625| 7.50) 9.38]11.25|13.13/15.00/ 16.88) 18.75] 20.63) 22.50) 24.38 26.25) 28.13 
31 |1.938/3.875|5.813) 7.75] 9.69/11.63]13.56/15.50)17.44) 19.38) 21.31 23.25)25.19]27.13}29.06 
39 |2.000/4.00016.900) $.00)10.00|12.00|14.00/16.00] 18.00) 20.00) 22.00 24.00|26.00/28.00/30.00 
33 9.063/4.125/6.188) 8.25]/10.31/12.38)14.44/16.50/18.56 20.63) 22.69] 24.75) 26.81) 28.88/30.94 
34 |9.125/4.25016.375) 8.50/10.63]12.75|/14.88]17.00] 19.13) 21.25 23.38] 25.50} 27.63) 29.75/31.88 
35 |2.188/4.37516.563] 8.75|/10.94/13.13)15.31)17.50 19.69) 21.88) 24.06) 26.25) 28.44)/30.63} 32.81 
36  |2.250/4.50016.750) 9.00/11.25/13.50/15.75)18.00 20.25] 22.50} 24.75) 27.00/29.25/31.50/33.75 
37 |2.313/4.625/6.938) 9.25/11.56/13.88)16.19/18.50 20.81] 23.13] 25.44) 27.75|30.06) 32.38) 34.69 
88 12.37514.750/7.125) 9.50/11.88)14.25|16.63/19.00 21.38] 23.75] 26.13] 28.50) 30.88) 33.25 35.63) 
39 |2.438/4.875/7.313] 9.75|/12.19|14.63)17.06)19.50 21.94| 24.38] 26.81) 29.25/31.69) 34.13] 36.56) 
40 |2.500|5.000/7.500/10.00)12.50|15.00)17.50)20.00 22.50|25.00|27.50}/30.00| 32.50] 35.00/ 37.50 
41 |2.563/5.125|7.688]10.25/12.81/15.38]17.94/20.50 23.06| 25.63] 28.19] 30.75] 33.31]35.88] 38.44 
42 |2.625|5.250)7.875]10.50)13.13)15.75/18.38)21.00 23.63] 26.25) 28.88/31.50/34.13/ 36.75] 39.38 
43  |2.688/5.375|8.063)10.75|13.44/16.13)18.81 21.50) 24.19] 26.88]29.56]32.25|34.94)/37.63]40.31 
44 — |2.75015.500)8.250]11.00/13.75/16.50)19.25)22.00 24.75|27.50|30.25|33.00/35.75/38.50/41.25 
45 |2.813/5.625|8.438)11.25]14.06|16.88]19.69 99.50/25.31/28.13)/30.94)33.75|36.56) 39.38 42.19 
46  |2.875/5.75018.625|11.50)14.38|17.25|20.13 23.00| 25.88] 28.75) 31.63] 34.50|37.38)40.25)43.13 
47 |2.938|5.875|8.813)11.75|14.69)17.63 20.56|23.50| 26.44) 29.38] 32.31|35.25) 38.19) 41.13) 44.06 
48 — |3.000|6.000/9.000|12.00}15.00}18.00)21.00 24.00127.00|30.00|33.00| 36.00) 39.00) 42.00) 45.00 
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CARNEGIE STEEL COMPANY 


AREAS OF RECTANGULAR SECTIONS—Concluded 
SQUARE INCHES 


Thickness, Inches 


10.25)15.38/2 


-63]30.75|35.88 41.00) 46.13)51.25 56.38/61.50/66.63/71.75|76.88| 82.00 


10.38/15.56 § 4/31.13)36.31)41.50)46.69|51.88 57.06/62.25/67.44 72.63|77.81/83.00 


84 10.50 15.75 26.25 31.50)36.75/42.00]47.25|52.50|57.75|63.00| 68.25/73.50 78.75) 84.00 
85 10,63)15.94)21.25 26.56) 31.88)37.19!42.50/47.81/53.13 58.44 63.75) 69.06|74.38]79.69] 85.00 
86 10.75)16.13/21.50)26.88/32.25/37.63/43.00|48.38153.75 59.13]64.50)69.88|75.25]80.63/ 86.00 


4 


10.88]16.31/21.75 


Width, | . 
| | | La 
eae Ved se Weg Ae aea|| Calla || aie %e) 58 |146} % |1346] % |1%46] 1 

: -13) 9.19)12.25/15.31)18.38)21.44) 24.50) 27.56/30.63 33.69 36.75/39.81/42.88 45.94 49.00 
50 313 28 9.38/12.50)15.63 18.75 21.88 25.00 28.13|31.25)34.38) 37.50|40.63|43.75'46.88) 50.00 
51 | 3.19} 6.38) 9.56/12.75/15.94/19.13)22.31| 25.50/28.69/31.88/35.06 38.25]41.44/44.63147.81151.00 
52 | 3.25) 6.50} 9.75)13.00/16.25/19.50|22.75| 26.00) 29.25/32.50/35.75/39.00|42.25/45.50/48.75/52.00 
-31| 6.63) 9.94 13.25|16.56/19.88/23.19 26.50/29.81/33.13/36.44/39.75|/43.06 46.38) 49.69) 53.00 
ea 338 6.75!10.13 13.50]16.88/20.25|23.63)27.00 30.38 33.75)/37.13)40.50/43.88]47.25/50.63154.00 
55 | 3.44] 6.88)10.31/13.75|17.1 -63/24.06 27.50) 30.94/34.38/37.81/41.25/44.69/48.13 51.56/55.00 
56 | 3.50} 7.00)10.50)14.00)17.50/21.00)24.50, 28.00|31.50 35.00/38.50/42.00/45.50 49.00) 52.50] 56.00 
57 | 3.56) 7.13/10.69 14.25'17.81/21.38)24.94' 28.50|32.06 35.63/39.19 42.75] 46.31/49.88|53.44!57.00 
58 | 3.63] 7.25/10.88)14.50/18.13/21.75/25.38 29.00) 32.63) 36.25 39.88) 43.50/47.13 50.75|54.38/58.00 
59 | 3.69} 7.38/11.06 14.75 18.44)22.13/25.81 29.50/33.19|36.88 40.56)44.25 47.94/51.63/55.31/59.00 
60 | 3.75] 7.50/11.25)15.00)18.75/22.50/26.25 30.00 33.75 )37.50 41.25 45.00) 48.75|52.50/56.25| 60.00 
61 | 3.81) 7.63/11.4415.25|19.06 22.88 26.69 30.50/34.31/38.13 41.94 45.75) 49.56/53.38/57.19| 61.00 
62 | 3.88} 7.75)11.63/15.50|19.38 23.25/27.13/31.00}34.88|38.75|42.63/46.50/50.38/54.25 58.13) 62.00 
63 | 3.94] 7.88]11.81)15.75|19.69 23.63)27.56 31.50) 35.44/39.38/43.31/47.25 51.19) 55.13|59.06) 63.00 
64 | 4.00] 8.00112.00 16.00)20.00 24.0028.00|32.00|36.00 40.00 44.00 48.00152.00/36.00160.00/64.00 
65 | 4.06} 8.13/12.19/16.25]/20.31/24.38 28.44 '32.50/36.56) 40.63 44.69/48 .75/52.81/56.88 60.94/65.00 
66 | 4.13) 8.25/12.38)16.50/20.63/24.75|28.88)33.00|37.13/41.25/45.38|49.50 53.63/57.75)/61.88/66.00 
67 | 4.19] 8.38112.5616.75/20.94/25.13 29.31/33.50) 37.69/41.88/46.06)50.25/54.44158.63 62.81)67.00 
68 | 4.25) 8.50/12.75)17.00)21.25|25.50)29.75|/34.00/38.25/42.50/46.75 51.00) 55.25/59.50|63.75|68.00 
69 | 4.31) 8.63/12.94/17.25/21.56/25.88/30.19)34.50|38.81/43.13 47.44151.75 56.06) 60.38) 64.69) 69.00 
70 | 4.38) 8.75/13.13/17.50/21.88 26.25/30.63/35.00|39.38/43.75/48.13152.50 56.88) 61.25/65.63/ 70.00 
71 | 4.44) 8.88/13.31|17.75)22.19/26.63/31 | /35.50/39.94) 44.38] 48.81/53.25/57.69|62.13/66.56!71.00 
72 | 4.50} 9.00)13.50 18.00/22.50/27.00/: 36.00 | 40.50)45.00/ 49.50) 54.00) 58.50| 63.00] 67.50) 72.00 
73 56} 9.13/13.6918.25 22.81/27. 94' 36.50) 41.06)45.63}50.19]54.75|59.31)/63.88168.44 73.00 
74 63} 9.25 13.88]18.50/23.13)27. 38/37.00 /41.63/46.25|50.88]55.50/60.13164.75 69.38) 74.00 
75 69} 9.38/14.06/18.75)23.44/28. -81)37.50/42.19]46.88/51.56|56.25|60.94 65.63]70.31|75.00 
76 .75| 9.50)14.25)19.00)23.75) 28. 5)38.00|42.75/47.50/52.25|57.00|61.75|66.50 71.25/76.00 
de 81] 9.63/14.44'19.25/24.06)28.88); 38.50 /43.31/48.13 52.94) 57.75) 62.56/67.38)72.19|77.00 
78 88] 9.75/14.63 19.50/24.38) 29.25: 39.00|43.88/48.75) 53.63/58.50|63.38168.25 73.13)78.00 
79 94 9.88 14.81/19.75 24.69 29.63 34.56 39,50) 44.44/49.38/54.31/59.25/64.19/69.13 74.06/79.00 
80 00)10.00)15.00,20.00/25.00)30.00.35.00 40.00/45.00 50.00) 55.00) 60.00/ 65.00) 70.00) 75.00) 80.00 
81 -06/10.13/15.19 5 30.38)35.44 40.50} 45.56|50.63/55.69| 60.75/65.81 70.88) 75.94] 81.00 
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89 -56)11.13)16.69/22.25/27.81/33.38138.94 44.50) 50.06|55.63/61.19/66.75]72.31/77.88/83.44 89.00 
90 -63/11.25)16.88/22 50/28.13/33.75/39.38|45.00/50.63 56.25|61.88)67.50/73.13|78.75|84.38) 90.00 
91 -69/11.38/17.06]22.75/28.44/34.13/39.81/45.50/51.19 56.88) 62.56) 68.25|73.94|79.63/85.31/91.00 
92 75|11.50)17.25}23.00/28.75/34.50/40.25/ 46.00 51.75) 57.50 63.25| 69.00) 74.75|80.50/86.25|92.00 
93 81/11.63]17.44/23.25]29.06/34.88/40.69/46.50/52.31 58.13 63.94] 69.75) 75.56]81.38]/87.19|93.00 
94 88/11.75|17.63/23.50)29.38|35.25/41.13/47.00|52.88 58.75|64.63|70.50]76.38|82.25|88.13/94.00 
95 94/11.88)17.81/23.75|29.69|35.63/41.56/47.50 53.44/59.38) 65.31|71.25/77.19|83.13|89.06|95.00 
96 00)12.00/18.00)24.00)30.00|36.00/42.00) 48.00 54.00/60.00 66.00/72.00|78.00/84.00/90.00!96.00 
97 -06|12.13!18.19124.25]30.31]36.38/42.44|48.50 54.56) 60.63 66.69)72.75]78.81/84.88]90.94197.00 
98 -13)12.25/18.38]24.50/30.63/36.75/42.88149.00 55.13/61.25/67.38)73.50|79.63/85.75|91.88198.00 
i a 12.38 18.56/24.75)30.94'37.13/43.31/49.50 55.69/ 61.88) 68.06/74.25]80.44/ 86.63/92 81/99.00 


12.50;18.75}25.00/31.25]37.50/43.75|50.00 56.25] 62.50|68.75)75.00}81.25]87.50|93.75| 100.0 


WEIGHTS OF FLAT ROLLED STEEL 


WEIGHTS OF FLAT ROLLED STEEL 
POUNDS PER LINEAL FOOT 


Width, 
Inches 
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WEIGHTS OF PLAT ROLLED STEHI— Continued 
POUNDS PER LINEAL FOOT 


Thickness, Inches 
Width, 
Titch ie ie ee 

He | % [940 | % | 540] 96 | el % | mol 56 1H 6| 54 |1%6| 1% |1%6| 1 

1214| 2.66] 5.31) 7.97/10.63 13.28 15.94:18.59 21.25/23.91/26.56) 29.2 31.9) 84.5] 37.2] 39.8 42.5 
13 2.76] 5.53] 8.29/11.05/13.81 16.58)19.34|22.10/24.86 27.63] 30.4] 33.2) 35.9 38.7| 41.4] 44,2 
1314] 2.87) 5.74] 8.61/11.48 14.34)17.21/20.08| 22.95|25.89 28.69] 31.6) 34.4] 37.3 40.2] 43.0) 45.9 
14 2.98] 5.95} 8.93/11.90/14.88 17.85/20.83 | 23.80 26.78/29.75| 32.7] 35.7 38.7) 41.7] 44.6] 47.6 
1414] 3.08] 6.16) 9.24 12.33/15.41/18.49/21.57 24.65] 27.73) 30.81) 33.9 37.0} 40.1) 43.1] 46.2 49.3 
15 3.19} 6.38] 9.56/12.75/15.94/19.13 22.31/25.50 28.69/31.88 35.1) 38.3] 41.4] 44.6] 47.8 51.0 
1514} 3.29] 6.59} 9.88/13.18 16.47/19.76/23.06 26.35 29.64 32.94 36.2] 39.5] 42.8] 46.1 49.4) 52.7 
16 3.40} 6.80/10.20/13.60 17.00)20.40/23.80/ 27.20 30.60)34.00} 37.4) 40.8) 44.9) 47.6) 51.0) 54.4 
1614} 3.51) 7.01/10.52/14.03 17.53/21.04 24.54/28.05/31.56 35.06) 38.6] 42.1] 45.6 49.1) 52.6] 56.1 
17 3.61} 7.23 10.8414.45/18.06 21.68 25.29| 28.90 32.51/36.13 39.7 43.4) 47.0) 50.6) 54.2) 57.8 
1714! 3.72 7.44 11.16 14.88 18.59 22.3126.03|29.75 33.47/37.19| 40.9! 44.6 48.3) 52.1] 55.8] 59.5 
18 3.83 7.65 11.48)15.3019.13 22.95 26.78) 30.60|34.43/38.25 42.1) 45.9) 49.7) 53.6] 57.4 61.2 
1814] 3.93 7.86)11.79)15.73'19.66 23.59 27.52/31.45 35.38/39.31| 43.2) 47.2) 51.1 55.0 59.0) 62.9 
19 4.04} 8.08)12.11/16.15/20.19 24.23 28.26|32.30 36.34 40.38) 44.4) 48.5 52.5) 56.5! 60.6) 64.6 
1914] 4.14 8.29 12.43)/16.58/20.72 24.86 29.01/33.15 37.29/41.44) 45.6] 49.7 53.9] 58.0) 62.2 66.3 
20 4.25) 8.50)12.75|17.00 21.25!25.50/29.75|34.00 38.25/42.50) 46.8) 51.0 55.3} 59.5] 63.8} 68.0 
201] 4.36] 8.71/13.07/17.43 21.78]26.14/30.49|34.85 39.21/43.56) 47.9] 52.3) 56.6 61.0] 65.3] 69.7 
21 4.46] 8.93]13.39/17.85122.31 26.78/31.24|/35.70 40.16/44.63) 49.1] 53.6 58.0) 62.5] 66.9) 71.4 
2114] 4.57] 9.14/13.71 18.28]22.84/27.41]31.98 36.55/41.12/45.69 50.3) 54.8) 59.4) 64.0 68:5) 78a 
22 4.68} 9.35/14.03]18.70 23.38/28.05/32.73|37.40 42.08)46.75} 51.4) 56.1 60.8] 65.5] 70.1 74.8 
2216! 4.78] 9.56/14.34/19.13 23.91/28.69|33.47|38.25 43.03/47.81) 52.6) 57.4) 62.2 66.9] 71.7] 76.5 
23 4.89] 9.78|14.66/19.55|24.44 29.33/34.21/39.10/43.99 48.88] 53.8] 58.7! 63.5 68.4] 73.3] 78.2 
2314] 4.99] 9.99/14.98/19,.98 24.97/29.96 34.96/39.95/44.94/ 49.94 54.9} 59.9) 64.9] 69.9 74.9) 79.9 
24 5.10/10.20)15.30 20.40)25.50 30.60'35.70/40.80/ 45.90 51.00) 56.1) 61.2 66.3] 71.4] 76.5 81.6 
25 5.31/10.63/15.94/21.25 26.5631.88 37.19 | 42.50 47.81/53.13] 58.4) 63.8 69.1) 74.4] 79.7] 85.0 
26 5.53/11.05/16.58 22.10 27.63/33.15/38.68| 44.20 49.73/55.25) 60.8] 66.3 71.8] 77.4) 82.9 88.4 
27 5.74)11.48/17.21/22.95 28.69 34.43 40.16 45.90 51.64) 57.38 63.1) 68.9] 74.6 80.3} 86.1] 91.8 
28 §.95)11.90/17.85/23.80)/29.75 35.70.41.65|47.60 53.55) 59.50! 65.5} 71.4 77.4| 83.3) 89.3] 95.2 
29 6.16 12.3318.49 24.65'30.8136.98.43.14 49.30| 55.46) 61.63] 67.8 74.0) 80.1) 86.3] 92.4 98.6 
30 6.38 12.75 19.13 25.50 31.88)38,25/44.63] 51.00 57.38] 63.75] 70.1 76.5} 82.9] 89.3 95.6) 102.0 
31 6.59]13.18|19.76/26.35132.94 39.53/46.11/52.70 59.29/65.88| 72.5] 79.1 85.6} 92.2) 98.8 105.4 
32 6.80)13.60)20.40/27.20 34.00/40.80 47.60/54.40/ 61.20 68.00) 74.8] 81.6 88.4] 95.2/102.0 108.8 
33 7.01|14.03/21.04/28.05 35.06/42.08]49.09 56.10) 63.11/70.13 77.1] 84.2) 91.2] 98.9 105.2) 112.2 
34 7.23)14.45/21.68|28.90 36.13/43.35]50.58 57.80] 65.03) 72.25 79.5} 86.7) 93.9/101.2 108.4/115.6 
35 7.44/14,88|22.31]29.75 37.19.44.63/52.06/59.50 66.94| 74.38] 81.8 89.3} 96.7/104.1 111.6/119.0 
36 7.65/15.30/22.95!30.60 38.25 45.90/53.55/ 61.20 68.85) 76.50) 84.2) 91.8 99.5) 107.1]114.8/ 122.4 
37 7.86/15.73/23.59/31.45 39.31/47.18/55.04| 62.90 70.76| 78.63] 86.5 94.4| 102.2) 110.1]117.9 125.8 
38 8.08/16.15/24.23/32.30 40.38/48.45/56.53 64.60) 72.68] 80.75 88.8] 96.9) 105.0 113.1]121.1) 129.2 
39 8.29)16.58 24.86 33.15]41.44/49.73 58.01 66.30] 74.59/82.88, 91.2) 99.5]107.7 116.0) 124.3/132.6 
40 8.50/17.00/25.50. 34.00/42.50)51.00 59.50} 68.00) 76.50 85.00) 93.5 102.0) 110.5/119.0 127.5) 136.0 
4} 8.71)/17.43]26.14/34.85 43.56)52.28/60.99| 69.70 78.41/87.13] 95.8 104.6) 113.3] 122.0 130.7|139.4 
42 8.93/17.85/26.78 35.70/44.63/53.55 62.48|71.40|80.33 89.25] 98.2/107.1 116.0) 125.0] 133.9 142.8 
43 9.14/18.28/27.41 36.55/45.69/54,83 63.96|73.10}82.24 91.38/100.5]109.7 118.8)127.9]137.1 146.2 
44 9.35)/18.70)28.05/37.40 46.75|56.10/65.45| 74.80 84.15) 93.50] 102.9] 112.2 121.6/130.9/140.3/ 149.6 
45 9.56|19.13/28.69138.95 47.81|57.38/66.94| 76.50 86.06) 95.63] 105.2 114.8] 124.3] 133.9/143.4 153.0 
46 9.78/19.55|29.33 39.10)48.88)/58.65 68.43]78.20/87.98 97.75] 107.5]117.3 127.1/136.9| 146.6 156.4 
47 9.99/19.98/29.96 39.95/49.94]59.93169,91 79.90/89.89| 99.88 109.9} 119.9/129.8 139.3]149.8]159.8 
48 |10.20]20.40 30.60)40.80/51.00 61.20)71.40}81.60 91.80) 102.0/112.2}129.4 132.6) 142.8] 153.0] 163.2 
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WEIGHTS OF FLAT ROLLED STEEL 


WEIGHTS OF FLAT ROLLED STEEL—Concluded 
POUNDS PER LINEAL FOOT 


Thickness, Inches 


Width, 
Inches} _, } ’ 
Yo | % |e] % | S46) 8 | Ae} 1 | Mo) % |4%e6] 84 |1846] % | 1%46 
49 | 10.4] 20.8) 31.2) 41.7) 52.1) 62.5) 72.9) 83.3] 93.7) 104.1] 114.5) 125.0) 135.4] 145.8) 156.2 
50 10.6) 21.3) 31.9) 42.5) 53.1) 63.8 74.4) 85.0) 95.6) 106.3} 116.9] 127.5] 138.1] 148.8) 159.4 
51 | 10.8) 21.7) 32.5) 43.4) 54.2) 65.0 75.9} 86.7) 97.5) 108.4) 119.2) 130.1] 140.9) 151.7] 162.6 
52 | 11.1) 22.1) 33.2) 44,2) 55.3) 66.3) 77.4) 88.4) 99.5) 110.5) 121.6) 132.6) 143.7] 154.7| 165.8 
53 | 11.3] 22.5] 33.8) 45.1) 56.3) 67.6) 78.8) 90.1) 101.4) 112.6) 123.9) 135.2) 146.4) 157.7) 168.9 
54 | 11.5) 23.0) 34.4) 45.9] 57.4) 68.9} 80.3) 91.8) 103.3) 114.8) 126.2) 137.7) 149.2) 160.7/172.1 
55 | 11.7) 23.4) 35.1) 46.8) 58.4) 70.1) 81.8) 93.5] 105.2) 116.9] 128.6) 140.3) 151.9) 163.6)175.3 
56 | 11.9) 23.8) 35.7) 47.6) 59.5) 71.4) 83.3) 95.2) 107.1/119.0) 130.9) 142.8) 154.7] 166.6|178.5 
57 | 12.1] 24.2) 36.3) 48.5] 60.6) 72.7) 84.8) 96.9) 109.0) 121.1)133.2| 145.4) 157.5) 169.6) 181.7 
58 | 12.3) 24.7) 37.0] 49.3) 61.6) 74.0) 86.3) 98.6]110.9]123.3/ 135.6) 147.9] 160.2) 172.6] 184.9 
59 | 12.5] 25.1) 37.6) 50.2) 62.7) 75.2) 87.8) 100.3) 112.8)125.4/137.9| 150.5) 163.0) 175.5) 188.1 
60 | 12.8) 25.5] 38.3) 51.0} $3.8) 76.5) 89.3) 102.0) 114.8) 127.5] 140.3] 153.0) 165.8) 178.5)191.3 
61 | 13.0) 25.9] 38.9) 51.9) 64.8) 77.8) 90.7) 103.7] 116.7) 129.6) 142.6) 155.6) 168.5] 181.5) 194.4 
62 | 13.2) 26.4) 39.5} 52.7) 65.9) 79.1) 92.2) 105.4) 118.6] 131.8) 144.9) 158.1/171.3] 184.5] 197.6 
63 | 13.4) 26.8) 40.2) 53.6) 66.9) 80.3) 93.7) 107.1) 120.5) 133.9] 147.3) 160.7] 174.0] 187.4) 200.8 
64 | 13.6) 27.2) 40.8) 54.4) 68.0) 81.6) 95.2) 108.8) 122.4) 136.0) 149.6) 163.2) 176.8] 190.4]204.0 
65 | 13.8] 27.6) 41.4) 55.3) 69.1) 82.9) 96.7) 110.5) 124.3) 138.1) 151.9) 165.8) 179.6) 193.4) 207.2 
66 | 14.0] 28.1) 42.1) 56.1) 70.1) 84.2) 98.2)112.2) 126.2) 140.3) 154.3) 168.3] 182.3] 196.4)210.4 
67 | 14.2} 28.5) 42.7) 57.0) 71.2) 85.4) 99.7)113.9] 128.1) 142.4/ 156.6] 170.9) 185.1) 199.3)213.6 
68 | 14.5) 28.9) 43.4] 57.8) 72.3) 86.7/101.2)115.6/ 130.1] 144.5) 159.0) 173.4) 187.9) 202.3) 216.8 
69 | 14.7] 29.3) 44.0) 58.7) 73.3) 88.0/102.6)117.3)132.0/146.6) 161.3) 176.0) 190.6) 205.3) 219.9 
70 | 14.9} 29.8} 44.6) 59.5] 74.4! 89.3/104.1/119.0]133.9/148.8) 163.6] 178.5) 193.4] 208.3) 223.1 
71 | 15.1] 30.2} 45.3) 60.4] 75.4) 90.5/105.6/120.7| 135.8) 150.9) 166.0) 181.1] 196.1]211.2/226.3 
72 | 15.3) 30.6] 45.9} 61.2] 76.5) 91.8/107.1)122.4)137.7/ 153.0) 168.3/ 183.6) 198.9] 214.2/229.5 
73 | 15.5) 31.0) 46.5) 62.4] 77.6) 93.1/108.6)124.1]139.6]155.1)170.6) 186.2) 201.7] 217.2)232.7 
74 | 15.7] 31.5] 47.2) 62.9] 78.6} 94.4/110.1/ 125.8] 141.5) 157.3) 173.0) 188.7) 204.4) 220.2) 235.9 
75 | 15.9} 31.9] 47.8] 63.8) 79.7) 95.6/111.6)127.5|143.4)159.4/175.3) 191.3) 207,2/223.1)239.1 
76 | 16.2) 32.3] 48.5) 64.6) 80.8} 96.9)113.1)129.2| 145.4) 161.5) 177.7] 193.8) 210.0) 226.1) 242.3 
77 | 16.4] 32.7] 49.1] 65.5] 81.8} 98.2/114.5) 130.9) 147.3) 163.6) 180.0) 196.4)212.7/ 229.1) 245.4 
78 | 16.6] 33.2] 49.7] 66.3] 82.9] 99.5/116.0) 132.6] 149.2) 165.8) 182.3) 198.9] 215.5) 232.1) 248.6 
79 | 16.8} 33.6) 50.4] 67.2} 83.9/100.7}117.5] 134.3] 151.1/ 167.9] 184.7/ 201.5) 218.2) 235.0/251.8 
80 | 17.0] 34.0) 51.0) 68.0) 85.0/102.0|119.0/ 136.0) 153.0) 170.0) 187.0) 204.0) 221.0) 238.0) 255.0 
81 | 17.2] 34.4] 51.6] 68.9} 86.1/103.3/120.5)137.7/ 154.9] 172.1] 189.3] 206.6) 223.8) 241.0)258.2 
82 | 17.4] 34.9] 52.3) 69.7] 87.1/104.6/122.0)139.4) 156.8) 174.3/191.7/ 209.1) 226.5) 244.0)261.4 
83 | 17.6] 35.3] 52.9] 70.6] 88.2/105.8/123.5]141.1/ 158.7] 176.4/ 194.0) 211.7) 229.3] 246.9) 264.6) 2 
84 | 17.9] 35.7] 53.6) 71.4) 89.3/107.1/125.0/ 142.8) 160.7) 178.5) 196.4) 214.2) 232.1) 249.9) 267.8 
85 | 18.1] 26.1] 54.2] 72.3] 90.3/108.4)126.4/144.5| 162.6] 180.6) 198.7] 216.8) 234.8) 252.9)270.9 
86 | 18.3] 36.6] 54.8) 73.1] 91.4/109.7/127.9| 146.2) 164.5] 182.8/201.0) 219.3) 237.6] 255.9) 274.1 
87 | 18.5] 37.0] 55.5) 74.0] 92.4/110.9/129.4] 147.9] 166.4] 184.9] 203.4/ 221.9] 240.3) 258.8)277.3 
88 | 18.7| 37.4] 56.1) 74.8] 93.5/112.2/130.9/ 149.6 168.3] 187.0) 205.7) 224.4) 243.1) 261.8) 280.5 
89 | 18.9] 37.8] 56.7) 75.7} 94.6/113.5]132.4] 151.3] 170.2) 189.1) 208.0) 227.0] 245.9) 264.8) 283.7 
90 | 19.1] 38.3] 57.4] 76.5] 95.6/114.8)133.9] 153.0] 172.1] 191.3/210.4) 229.5) 248.6) 267.8} 286.9 
91 | 19.3] 38.7] 58.0) 77.4] 96.7|116.0135.4] 154.7] 174.0) 193.4)212.7/232.1)251.4) 270.7) 290.1 
92 | 19.6) 39.1] 58.7) 78.2] 97.8/117.3/136.9) 156.4/ 176.0) 195.5) 215.1) 234.6) 254.2) 273.7/293.3 
93 | 19.8} 39.5] 59.3] 79.1] 98.8/118.6|138.3/ 158.1 177.9] 197.6) 217.4/ 237.2) 256.9|276.7/ 296.4 
94 | 20.0) 40.0] 59.9] 79.9) 99.9)119.9|139.8 159.8/179.8]199.8]219.7| 239.7| 259.7) 279.7|299.6 
95 | 20.2! 40.4] 60.6] 80.8]100.9/121.1/141.3] 161.5] 181.7] 201.9] 222.1| 242.3) 262.4/ 282.6)302.8)3 
96 | 20.4] 40.8] 61.2) 81.6/102.0)122.4|149.8) 163.2] 183.6) 204.0) 224.4/ 244.8) 265.2) 285.6/306.0 
97 | 20.6| 41.2] 61.8) 82.5/103.1/123.7/144.3] 164.9] 185.5] 206.1]226.7| 247.4) 268.0) 288.6) 309.2 
98 | 20.8] 41.7] 62.5] 83.3/104.1/125.0|145.8] 166.6] 187.4/ 208.3) 229.1) 249.9) 270.7) 291.6)312.4 
99 | 21.0] 42.1] 63.1] $4.2/105.2/126.2/147.3| 168.3] 189.3/210.4/ 231.4) 252.5) 273.5) 294.5|315.6 
100 | 21.3] 42.5] 63.8) 85.0/106.3/127.5|148.8| 170.0| 191.3] 212.5] 233.8) 255.0) 276.3] 297.5|318.8 
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CARNEGIE STEEL COMPANY 


SQUARE AND ROUND BARS 


WEIGHTS AND AREAS 


Weight, Lbs. | Area, Square Weight, Lbs. | Area, Square 


per Foot | Inches o | per Foot Inches 
| Tava | 
| nepes | 
O oO O | ia] O fia O 
3 | 30.60] 24.03] 9.000] 7.069 
au 013} .010| .0039] .0031| 2, | 31.89|25.05| 91379! 7/366 
Me 053] .042| .0156] .0123|| 4% | 33:20|26.08| 9.766| 7.670 
is 120] .094/ .0352] .0276| 3 | 34.54|27.13/ 10.160! 7.980 
% 213 167| .0625] .0491 || 4 35.91 | 28.21 | 10.563! 8.296 
a 332] .261| '0977| ‘0767| 4 | 37.31] 29.30| 10.973| 8618 
478| .376] .1406] .1105| %% | 38.73|30.42|11.391| 8.946 
te 651) . 511] .1914| .1503]| y | 40.18|31:55|11:816| 9.281 
\% 850} .668| .2500| .1963| 14 | 41.65 | 32.71| 19. 
fs | 1.076] 845] ‘3164| ‘2485| & | 43115 | 33°80 | Ie eos | ooce 
ve | 1.328) 1.043/ .3906| -3068/ 3¢ | 44/68 | 35.09 | 13.141 | 10.321 
-t# | 1.607) 1.262] .4727| .3712]| 44 | 46.23 | 36.31 | 13.598 | 10.680 
% | 1.913] 1.502] 5625] .4418] 3 ; / 
is | 2:245| 1.763| “6002| ‘5185| 44 | 29a | Seco 14.695 | iL ei 
¥, | 2:603| 2:044| ‘7656| ‘6013 || :05 | 40. 5. 
ge | 3-603) 2.044) .7656| .6013 | % | 51.05 | 40.10 | 15.016 | 11.793 
t : 5 8789| .6903|| 43 2.71 | 41.40 | 15.504 | 12.177 
3.400| 2.670] 1.0000] .7854 2 
3.838 | 31015|1.1280| ‘ssee|| “a 26 i 4a a 1e's04 io eee 
4.303 | 3.380 | 1.2656] .9940| 3 | 57.85 | 45.44 | 17/016 | 13.364 
4.795 | 3.766 | 1.4102/ 1.1075], 3, | 59.62 | 46.83 | 17.535 | 13.779 
5.313] 4.172 | 1.5625 | 1.2272 
5.857 | 4.600 | 1.7297 | 1.3530 @ 63. 33 48 a8 13-008 ies 
6.428 | 5.049 | 1.8906 | 1.4849] 3 | 65.08 | 51.11 | 19.141 15.033 
7.026 | 5.518 | 2.0664 | 1.6230|/' ¥; | 66.95 | 5258 | 19.691 | 1n.460 
7.650] 6.008 | 2.2500] 1.7671 || 14 
8.301| 6.519/2'4414|1.9175 || 7 er 25 bo apie iscaa 
8.978 | 7.051 | 2.6406 | 2.0739 || 34 | 72:73] 57.12 | 21.301 | 1e-noo 
9.682 | 7.604 | 2.8477 | 2.2365 || 44 | 74.71 | 58.67 | 21.973 | 17-a57 
10.413] 8.178 | 3.0625 | 2.405: 3 
11.170] 8.773 | 3.2859 2 5803 e re. 7 OL ae each ee 
11.953 | 9.388 | 35156 | 27612 | 32 80 | 63. 766 | 18.668 
12-953 | 9.388 | 3.51: % | 80.80 | 63.46 | 23.766 | 18.665 
f 2 539 | 2.9483 | 48 | 82.89 | 65.10 | 24:379 | 19.147 
600 | 10.681 | 4.0000 | 3.1416 
14.463 11 359 4.2539 3.3410 es arid Ese See hie 
5.353 | 12.058 | 4.5156 | 3.5466 @ | 89.30 | 70.14 | 26.266 | 20,629 
ae 2 778 | 4.7852 | 3.7583 | | 91.49] 71:86 | 26.910 | 21-195 
519 | 5.0625 | 3.9761 | 1 
18 182 M4 280 5.3477 | 4.2000 |] 3 oe 56 a 36 aac Bee 
62 | 5.6406 | 4.4301] 3% | 98.931 77.15 | 28/8 ; 
20.201 | 15.866 | 5.9414 | 4.6664 | = | 100°53 Bog koeeny 
: os 78.95 | 29.566 | 23.29 
21.250 | 16.690 | 6.2500 | 4.9087 || 14 | 102.85 | 80.78 : 
22 326 17.334 6.5664 | 5.1572] 3 | 105/20] 89°60 Sere oe 
23. 18.400 | 6.8906 | 5.4119} 5 | 107.58]8449| 37. : 
24.557 | 19.287 | 7.2297 | 5.6727 || 42 | 109/98 Serle ae 
27 | 5: re .98 | 86.38 | 321348 | 25406 
25.713 | 20.195 | 7.5625 | 5. 3 
26.895 21.123 | 7.9102 es is Tie oo Hs 33. Tes aoe 
: 22.072 | 8.2656 | 6.4918 || 7 | 117/35 5 
ae 2.07: 6 .35 | 92.17 | 34.516 | 27-10 
9.338 | 23.042 | 8.6289] 6.7771 | 48 | 119°86 | 94°14 35.254 27/688 
30.600 | 24.033 | 9.0000 


WEIGHTS OF BAR 


SQUARE AND ROUND BARS 


WEIGHTS AND AREAS 


Weight, Lbs. Area, Square Weight, Lbs. Area, Square 
aoe per Foot Inches Si, per Foot Inches 
Inches Inches ar 
© IN © BB O ia O 


6 122.40] 96.13 | 36.000 | 28.274], 9 275.40 | 216.30] 81.000] 63.617 


ty |124.96| 98.15 | 36.754 | 28.866 ay | 279.24 |219.31| 82.129] 64.504 
¥Y% | 127.55 | 100.18 | 37.516 | 29.465 ¥% | 283.10 | 222.35 | 83.266| 65.397 
$; | 130.17 | 102.23 | 38.285 | 30.069 “8, | 286.99 | 225.41 | 84.410] 66.296 
Y% | 132.81 | 104.31 | 39.063 | 30.680 Vj | 290.91 | 228.48] 85.563] 67.201 
$, | 135.48 | 106.41 | 39.848 | 31.296 5, | 294.86 | 231.58| 86.723] 68.112 
3% | 138.18 | 108.53 | 40.641 | 31.919 8% | 298.83 | 234.70] 87.891] 69.029 
¥, | 140.90 | 110.66 | 41.441 | 32.548 za | 302.83 | 237.84| 89.066) 69.953 
V | 143.65 | 112.82 | 42.250 | 33.183 ¥ | 306.85 | 241.00] 90.250] 70.882 
2; | 146.43 | 115.00 | 43.066 | 33.824 #; | 310.90 | 244.18] 91.441] 71.818 
54 | 149.23] 117.20] 43.891 | 34.472 54 | 314.98 | 247.88| 92.641] 72.760 
41 | 152.06 | 119.43 | 44.723 | 35.125 41 1319.08 | 250.61 | 93.848] 73.708 
34 | 154.91 | 121.67 | 45.563 | 35.785 34 | 323.21 | 253.85| 95.063] 74.662 
34 | 157.79 | 123.93 | 46.410 | 36.450 23 | 327.37 | 257.12 | 96.285| 75.622 
% | 160.70 | 126.22 | 47.266 | 37.122 14 1331.55 | 260.40| 97.516] 76.589 
12 | 163.64 | 128.52 | 48.129 | 37.800 13 | 335.76 | 263.71 | 98.754| 77.561 


Ch 166.60 | 130.85 | 49.000 | 38.485 || 10 340.00 | 267.04 | 100.000 | 78.540 
169.59 | 133.19 | 49.879 | 39.175 344.26 | 270.38 | 101.254] 79.525 
172.60 | 135.56 | 50.766 | 39.871 348.55 | 273.75 | 102.516] 80.516 
175.64 | 137.95 | 51.660 | 40.574 352.87 | 277.14 | 103.785; 81.513 


277.1 
357.21 | 280.55 | 105.063} 82.516 


, 


in 
Pods! 
Hy NEI 
Ore 


4, 
oy 
AEN ol 


\% | 178.71} 140.36 | 52.563 | 41.282] 4 

% 1181.81 | 142.79 | 53.473 | 41.997] 8, | 361.58 | 283.99 | 106.348 | 83.525 
¥ | 184.93 | 145.24] 54.301) 42.718} 4s 365.98 | 287.44 107.641) 84.541 
@ | 188.07 | 147.71 | 55.316 | 43.445 || 7, | 370.40 | 290.91 | 108.941] 85.5 
4 | 191.25 | 150.21 | 56.250| 44.179] 44 | 374.85 | 294.41 | 110.250] 86.590 
© | 194.45 | 152.72|57.191| 44.918] 3% | 379.33 | 297.92] 111.566] 87.624 
8% | 197.68 | 155.26 | 58.141 | 45.664 54 | 383.83 | 301.46 | 112.891] 88.664 
41 | 200,93 | 157.81 | 59.098 | 46.415 || 44 | 388.36 | 305.02 | 114.223] 89.710 
3 | 204.21 | 160.39 | 60.063 | 47.173 || 34 | 392.91 | 308.59 | 115.563] 90.763 
& | 207152 | 162.99 | 61.035 | 47.937 || {4 | 397.49 | 312.19 | 116.910] 91.821 
% | 210.85 | 165.60 | 62.016 | 48.707] 7 | 402.10 | 315.81 | 118.266 | 92.886 
qe | 214.21 | 168.24 | 63.004 | 49.483 | 48 | 406.74 | 319.45 | 119.629) 93.957 
g  |217.60| 170.90 | 64.000 | 50.265], 11 | 411.40 | 323.11 | 121.000) 95.033 
‘dy | 221.01 | 173.58 | 65.004 | 51.054 || ry | 416.09 | 326.80 | 122.379 | 96.116 
YZ | 294.45 | 176.29 | 66.016 | 51.849|| M4 | 420.80 | 330.50 | 123.766 | 97.205 
@ | 997.92 | 179.01 | 67.035 | 52.649 || 3% | 425.54 | 334.22 | 125.160] 98.301 
yy | 231.41 | 181.75 | 68.063 | 53.456 || 14 | 430.31 | 337.97 | 126.563) 99.402 
- 234.93 | 184.52 | 69.098 |54.269|| 7%; | 435.11 | 341.73 | 127.973 | 100.510 
32 | 238.48 | 187.30 | 70.141 | 55.088) 9 | 439.93 | 345.52 | 129.391 | 101.623 
@ | 942/05 |190-11| 71.191 | 55.914 |) Ys | 444.78 | 349.33 | 130.816 | 102.743 
¥ | 245.65 | 192.93 | 72.250|56.745 | 14 | 449.65 | 353.16 | 132.250 | 103.869 
@ | 249.28 | 195.78 | 73.316 | 57.583 ||) | 454.55 | 357.00 | 133.691 | 105.001 
22 | 252:93 | 198.65 | 74.391 | 58.426 || 94 | 459.48 | 360.87 | 135.141) 106.139 
42 | 286.61 | 201.54 | 75.473 | 59.276 || $4 | 464.43 | 364.76 | 136.598 | 107.284 
3, | 260.31 | 204.45 | 76.563 | 60.132] 34 | 469.41 | 368.68 | 138.063 | 108.434 
i 364.04 | 207.38 | 77.660 | 60.994 || 43 | 474.42 | 372.61 | 139.535 | 109.591 
42 | 267.80 | 210.33 | 78.766 | 61.863} 7% | 479.45 | 376.56 | 141.016 | 110.758 
48 | 971.59 | 213.31 | 79.879 | 62.737] 38 | 484.51 | 380.54 | 142.504 | 111.923 


Y) 275.40 | 216.30 | 81.000 | 63.617 || 12 489.60 | 384.53 | 144.000 | 113.098 
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CARNEGIE STEEL COMPANY 


COLD TWISTED SQUARE BARS 


Size, Area, | Weight per Foot, 
Inches Square Inches Pounds 
2 4.0000 13.600 
1% 3.5156 11.953 
134 3.0625 10.413 , 
1% 2.6406 8.978 
14% 2.2500 7.650 
1% 1.8906 6.428 
14% 1.5625 5.313 
1% 1.2656 4.303 
u 1.0000 3.400 
1%46 0.8789 2.988 
% 0.7656 2.603 
134 0.6602 2.245 
34 0.5625 1.913 
Mo 0.4727 1.607 
5b 0.3906 1.328 
%e 0.3164 1.076 
2) 0.2500 0.850 
Ae 0.1914 0.651 
36 0.1406 0.478 
Ae 0.0977 0.332 
4 0.0625 0.213 


% Cold twisted bars will conform to Manufacturers’ Standard Specifications, unless otherwise specified, 
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CONCRETE REINFORCEMENT BARS 


DEFORMED BARS 


CUP BAR 


Section Size, Weight per Foot, 

Index Inches Pounds 
*M 1528 14 7.65 
*M 1530 1% 5.31 
*M 1531 1% 4.30 
¥M 1532 1 3.40 
¥M 1533 K% 2.60 
*M 1534 34 1.91 
*M 1535 54 1.33 
*M 1536 % 0.85 
*M 1537 3% 0.48 


* Furnished only by special arrangement. 
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CARNEGIE STEEL co MPANY 


DEFORMED BARS—Continued 


CORRUGATED SQUARE BAR 
TYPE A 


CORRUGATED SQUARE BAR 


Ain ate ay 8 


Rolled for Corrugated Bar Co. 


CORRUGATED ROUND BAR 
TYPE C 


CORRUGATED SQUARE BAR 
Agw'alea yy 1B) 


~ Section 
Index 


Size, 
Inches 


Pounds 


Weight per Foot, | 


Section 
Index 


Size, 
Inches 


Weight per Foot, 
Pounds 


Corrugated Square Bar—Type A 


| 
{| 


Corrugated Square Bar—Type B 


*M 1980 
*M 1981 
*M 1982 
*M 1983 
*M 1984 


4.00 
2.70 
1.95 
1.35 
0.64 


*M 
*M 
*M 
*M 
*M 
*M 
*M 
*M 


*M 1 


1550 
1551 
1552 


a= 
o ~ 


Se wet Ne NH NT No Na 
BY o> ON DN ON BY 


Corrugated Round Bar—Type C 


*M 1618 
*M 1617 
*M 1616 
*M 1615 
*M 1614 
*M 1613 
*M 1612 
*M 1611 
*M 1610 


5.31 
3.40 
2.60 
iltgp! 
M33 
0.85 
0.48 
0.37 
0.21 


Corrugated Square Bar—Type D 


ao 
Se Ne 
oN RY 


© Ne SS NA No NW 
ON wr oS BN oN 


4.21 
3.41 
2.69 
2.06 
1.52 
1.05 
0.86 
0.66 
0.38 


*M 
*M 
*M 
*M 
*M 
*M 
*M. 
*M 
ME 
*M. 
*M 


1732 
1731 
1650 
1651 
1652 
1653 
1654 
1655 
1656 
1657 
1658 


AX aX A ONL ON 


10.48 
7.69 
5.35 
4.34 
3.43 
2.64 
1.94 
1.35 
0.86 
0.49 
0.22 


* Furnished only by special arrangement. 
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CONCRETE REINFORCEMENT BARS 


LUG BAR—TYPE A 


DEFORMED BARS—Continued 


LUG BAR—TYPE B 


RoUed for Corrugated Bar Co. 


HERRINGBONE BAR 


Rolled for Corrugated Bar Co. 


Section Size, Weight per Foot, Section Size, Weight per Foot, 
Index Inches Pounds | Index Inches Pounds 
Lug Bar—Type A Lug Bar—Type B 

*M 1578 14% 5.31 *M 1648 1% Hol 
4M 1577 1% 4.30 *M 1647 1% 4.30 
*M 1576 1 3.40 *M 1646 af 3.40 
*M 1575 % 2.60 *M 1645 i% 2.60 
*M 1574 34 4.91 *M 1644 34 1.91 
*M 1573 56 1.33 *M 1643 54 1/33 
*M 1572 4% 0.85 | *M 1642 4% 0.85 
*M 1579 Ae 0.65 *M 1641 3% 0.48 
*M 1571 34 0.48 *M 1640 YG 0.21 
*M 1570 4 0.21 


Herringbone Bar 


Section Size, Weight per Foot, 
Index Inches Pounds 

*M 1673 1% als 

*M 1672 1% 3.62 

*M 1671 il 2.38 

*M 1670 1% e77 

*M 1669 34 1.28 

*M 1668 % 0.91 


* Furnished only by special arrangement. 


DEFORMED BARS—Continued 
HAVEMEYER ROUND BAR 


CARNEGIE STEEL COMPANY 


Rolled for Concrete Steel Co. 
HAVEMEYER FLAT BAR 


Rolled for Concrete Steel Co. 


ELCANNES BAR 


Rolled for Elie Cannes 


Section Size, Weight per Foot, Section Size, Weight per Foot, 
Index Inches Pounds Index Inches Pounds 
Havemeyer Square Bar Havemeyer Round Bar 
| 
*M 1599 14 7.65 
*M 1609 13% 6.43 
*M 1608 14% 5.31 *M 1629 14% 4.17 
*M 1607 1% 4.30 *M 1628 1% 3.38 
*M 1606 1 3.40 *M 1627 1 2.67 
*M 1605 % 2.60 *M 1626 K 2.04 
*M 1604 34 1.91 *M 1625 34 1.50 
*M 1603 56 1.33 *M 1624 5 1.04 
*M 1602 u% 0.85 *M 1623 Ww 0.67 
*M 1601 3% 0.48 *M 1622 3% 0.38 
*M 1598 46 0.33 *M 1600 yy 0.17 
*M 1621 Yy 0.21 
Havemeyer Flat Bar Eleannes Bar 

Section Size, Weight per Foot, Section Size, Weight per Foot, 

Index Inches Pounds Index Inches Pounds 
¥M 2230 134x% 2.98 *M 1901 14% 5.31 
*M 2231 134 x eo 2.60 *M 1902 1% 4.30 
*M 2232 134 x % 2:23 *M 1903 1 3.40 
¥*M 2233 1%xk 245153) *M 1904 h% 2.60 
*M 2234 1%x % 1.91 *M 1905 34 1.91 
*M 2235 1% x 546 1.59 *M 1906 x4 eexes 
*M 2236 | 14x % 1.59 *M 1907 XV 0.85 
*M 2237 1 x% 1.28 *M 1908 3% 0.48 
*M 2238 ieee 7 0.85 
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CONCRETE REINFORCEMENT BARS 


DEFORMED BARS—Continued 


WING BAR—TYPE A 


WING BAR—TYPE B 


Rolled for Trussed Concrete Steel Co. 


SQUARE RIB BAR—TYPE A 


ROUND RIB BAR—TYPE B 


Rolled for Trussed Concrete Steel Co. 


Section Size, Weight per Foot, Section Size, Weight per Foot, 
Index | Inches Pounds Index Inches Pounds 
Wing Bar—Type A Wing Bar—Type B 

*M 1513 34 2.70 *M 1509 3% 10.2 
¥M 1512 4% 1.40 *M 1510 234 6.8 
*M 1516 21% 4.8 
Square Rib Bar—Type A Round Rib Bar—Type B 

Section Size, Weight per Foot, || Section Size, Weight per Foot, 

Judex Inches Pounds Index Inches Pounds 
*M 1918 1% Brak *M 2508 14 4.17 
*M 1917 1% 4.30 *M 2507 1% 3.38 
*M 1916 1 3.40 *M_ 2506 1 200 
*M 1915 K% 2.60 *M 2505 14 2.04 
aM 1914 84 1.91 *M 2504 34 1.50 
*M 1913 54 Teas *M 2503 56 1.04 
*M 1912 4% 0.85 *M 2502 1% 0.67 
*M 1911 36 0.48 *M 2501 3% 0.38 
*M. 1910 YY 0.21 


* Furnished only by special arrangement. 
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CARNEGIE STEEL COMPANY 


DEFORMED BARS—Continued 


MONOTYPE BAR 


Rolled for Philadelphia Steel and Wire Co. 


WING BAR SLANT RIB BAR 


Rolled for Rolled for 


Thomas Reinforcement Co. Mississippi Valley Construction Co. 
Section Size, Weight per Foot, | Section Size, Weight per Foot, 
Index Inches ounds | Index Inches Pounds 
Monotype Bar—Equivalent to Square Monotype Bar--Equivalent to Round 
¥M 2151 11 5.39 *M 2161 14 4.24 
*M 2152 1% 4.37 | *M 2162 1\% 3.43 
*M 2153 i 3.45 *M 2163 1 2501 
*M 2154 K 2.64 *M 2164 % 2.08 
*M 2155 34 1.94 *M 2165 34 AS 
*M 2156 4 ies *M 2166 4 1.06 
SNE 257 4% 0.86 *M 2167 % 0.68 
*M 2158 34 0.49 *M 2168 % 0.38 
Wing Bar Slant Rib Bar 
| 
*M 2135 2 5.08 *M 1297 14% Sol 
4M 2134 | 2 4.02 *M 1296 1 3.40 
*M 2133 134 3.06 *M 1295 K% 2.60 
*M 2132 1% 2.08 *M 1294 34 1.91 
*M 2131 1% 1.08 *M 1293 5% 133 
*M 1292 A 0.85 
*M 1291 x 0.48 
*M 1290 Vy Ost 


* Furnished only by special arrangement. 
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CONCRETE REINFORCEMENT BARS 


DEFORMED BARS—Continued 
SCOFIELD BAR THACHER BAR 


- Furnished only by special arrangement. 


Section Size, Weight per Foot, Section Size, Weight per Foot, 
Index Inches Pounds Index Inches Pounds 
Scofield Bar Thacher Bar 
| 
| Equivalent to Round 
*M 1969 14% 6.01 *M 1546 144 5.20 
*M 1968 1% 4.17 AM 1545 1\% 3.55 
*M 1967 1% 3.38 *M 1544 1 2.32 
*{ 1966 1 2.67 *M 1543 % 1.79 
*M 1965 i% 2.04 *M 1542 34 1.34 
*M 1964 34 1.50 *M 1541 54 0.92 
*M 1963 5B 1.04 *M 1540 w% 0.58 
*M 1962 % 0.67 
*M 1961 36 0.38 
Equivalent to Square 
*M 1583 564 133 
*M 1582 4 0.85 | 
*M 1581 34 0.48 
| 
Monolith Bar 
Section Size, Weight per Foot, 
Index Inches Pounds 
+ 
*M 1500 1 265) 
*M 1508 14% DB 
*M 1507 il 3.40 
*M 1517 34 1.91 
*M 1506 54 1333) 
*M 1505 “% 0.85 
*M. 1504 34 0.48 


CARNEGIE STEEL COMPANY 


FACING BAR 
* M 1663 


Rolled for Concrete Steel Co. 


GIRDER BAR SECTIONS 


*M 1852 *M 1853 

Customer’s No. 704 Customer’s No. 705 

ae eo 

| | so 

| br = 

I J / \ 1 

‘ eo 4 
Bie eae aa REN at 
Sipeet es J ee Z Sees ae 


WASHBOARD SECTION - TYPE A 
*M 1521 


WASHBOARD SECTION - TYPE B 
. *M 1522 


OE ath # 
Praar Vopr 80 feq--— 


tp aoe eee eee ee eee NT a, Gas 222s ae 
Rolled for Trussed Concrete Steel Co. 


a 


Section Size, Weight F 
Index Inches ae ei 
*M 1663 1M x1 x 34 1.46 
*M 1852 4 x1Kx%e 4.1 
*M 1853 eal Suen 152 
ou 1521 614 xX %o x Bho 3.20 
¥M 1522 6146 X %e x 340 3.95 


*Rolled only by special arrangement, 
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CONCRETE REINFORCEMENT BARS 
HANGER BARS 


AMDAMAIAMOD 
MOnAAHODOOONHMO 


OSHHMOARAA SS 


—— 


14) 


Weight per Foot, 
Pounds 


Pot 


yt 
<i 


h 
1\ 


| = 
n 
Vale Se ae 
Be | pS Raat Sra Qo 
22 | Reese 
aH 
= 
| 
| 
| 
1 
ixo} 
3 $2 3 © 
Co Sos MOMS 
= Net Depeche 
qi aes dana 
o 
cae Sa | KK KKH MMM RMR 
Pie fers AE | aagnghkenennana 
\ Ei | NANFA ANA EQ A a 
1 yet | HHAAOIOAN 
\ 
i ca ea ae 


78 Ae 
Se 
Tote of gole 
r{* M 9838 
Be, \ 
bok {eels 
Se 
aia 
Dera 
os 
Section 
index 
M 980 
*M 935 
*M 981 
*M 982 
*M 983 
*M 984 
*M 986 
*M 987 
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* Furnished only by special arrangement. 


CARNEGIE STEEL COMPANY 


| CROSS TIE SECTIONS 


M 28A ‘<a (eens as 
Same as M 28, excepting Web Thickness, 746” 


” ' 
3 -——sA 


a" 


” 
bt pane a 


7, 


u” 
Yip.-2 


“=-=-------6% 


” 


-------) 


la 


Se en ee 
= /- 
bo 
pay 


“oo 
i) 
so So 
a ae Le 
ee eo eee ee Oe ae en ee Oe ene een 
Section Depth, Peeters Web Thickness, Re 
Index Inches Top, Inches | Bottom, Tnehes | Inches Pounds" 
| 
M 284A 61% 5 10 V6 29.8 
M 28 61% 5 10 546 27.8 
M 29 514 5 8 34 to 334 24.0 
M 21 5% 4% 8 Y% 20.0 
M 25 414 4 6 Vy 14.5 
M 24 3 3 5 134 9.5 


Full informa 
Cross Ties, 


tion as to uses of steel cross ties is given in a separate pamphlet on Steel 


CROSS TIES 


CROSS TIE SECTIONS—Concluded 


M 27 


M 20 


M 18 


M 26 


Section Depth, Width, Web Thickness, | Weight per Foot, 
Tndex Inches Inches Inches Pounds 

M 27 2u% if Yu 9.0 

M 20 2 6 346 6.0 

M 18 1% 5° i) 4.0 

M 26 1346 41546 4% 3.20 

M 19 54 4 %4. 2.50 


Full information as to uses of steel cross ties is given in a separate pamphlet on Steel Cross Ties. 
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CARNEGIE STEEL COMPANY 


A. 8. C. E. RAILS AND LIGHT RAILS 


= 
‘ 
' 
1 
® ' 
H 
i 
' 
! 
; 
ce 
! 
7 
i 
i 
1 
' 
H 
$ 
Tigh b | d f h | j 
Section Weight ia eee eee ee] ; : 
Trades per Yard, 
Pounds In. | In. | In. Tiny | Da ii Doves eine one | alte alia 
10040 ~~ 100 594/534) 234) 142 |Sdr| B21 ay (24%! we | 
9040 90 5% | 526 | 236) 148) 283] 821 Ys rks] F | 4 
8540 85 Sis | xe | 21% | 182/284] §t] 8 2at | a | 
8040 80 5 5 274|114|25| V4) 88/28 | & | Kv 
7540 75 448) 413 | 233) 132/235) 22] as lzal aw | 
7040 70 %| 456 | 2x5) 134/248] 38] 32/28 | | 
=< WF € a 
6540 65 ts | 4i5 | 238 13s | 236] 38| 1% 133 | Ye | 4 
6040 GO | 44/44/23] 145/235] ab] ab ltagel we |Z | oy 
5540 55 | 4th | Ate | 224| 182/252] 22) a8 [aazal ve | 3 | oy 
5040 50 3% | 376 | 236/14) 2r| 34] 1133 | “| vs 
5 lat ¢ 2 G 
4540 45 348 /318)2 ive 133] aa) arias | a | 34 | ay 
4040 40 374/374) 174 | Wey | 188] 54) a8 tga! ws | | aw 
QF [ x 3 25 27. 2 5 
3540 35 3yo | 375] 134] $2) 135] 33 62 (148 | | | 
es 2 7 on 25 
3040 30 3% |3¥6| 148) 76/133] 43] 31/138 | 3, YA Nias 
2540 25 | 224/2%4/134| 2/183] a4] az lagal wx | | ay 
Whe € 
2040 20 29% | 254) 133) 38/143] we] 4 lta | 16 
1640 16/296) 234)/ 144] $2] 182 36] xe ltede| & | 
1440 14 2¥5|2y5|1rs| 54/18] 43] 1% 6 | ve | 
1240 12 2 2 1 vo|1s3| 43) 5 ot | de | xy 
1040 10 LM | 194) 48) BE) a8) a2) 62 | os | & 
840 | 8 Tiel lis| a8 48| dl 2, gzl 43 [ a | xs 
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RAILS 


AMERICAN RAILWAY ASSOCIATION RAILS 


ca 
howe 
1 \ 
qd | 
a 
a 
1 
\ 
om 
e 2 
H 1 
teat 
ih ft 
eel 
NE Raptr ee ee ‘ | 
' oa) 
ae 


Section es . a b Ge lad is f g h 1 J 

Pounds De ay a, |) Te) |) En, || Tas )) |) 
10020 100 6 | 514 | 234 vs | 248! 36 | 34 
9020 90 5% | 514 | 22; To 282) 228 | 26 
8020 80 5%] 454) 21 gi | 225) 346 | % 
7020 70 434 | 414 | 23¢ 44 | 233| 3% | 3% 
6020 60 |44%)/4 |2i4 33 | 285 | 76 | 


SERIES B 

cop A a ee a ee 
ex Pounds Tein |p Tae. Mae, |) 1a, |) Uke) Beals || Vo | Make |p te |) bin In. 
10030 100 Bat | Fo | 23h | 142 | 282) lek | ae |225) 2% | ve ve 
9030 90 Bad | 442 | Qiu | 182) 256 | Loz] ws | 238) % | ye ec: 
8030 80 | 438 | 4r%| 2 | 138/238) 1 | 82 | 2a] 36 | se Ys 
*7030 70 435 | 4,8, | 234| 122|285| 82) 82 |2rds| 2% | ro aI 
*6030 60 4,8; | 334.) 244)114|225| Je| 8 | 138) % | 16 1s 


* Not rolled by Carnegie Stee] Company. 
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CARNEGIE STEEL COMPANY 


SPLICE BARS 


A, 8. C. E. RAILS AND LIGHT RAILS 


§ 10040 to $5540 5 5040 to $3040 § 2040 5 1640 to S840 


Splice Bars $ 10040 to § 5040, inclusive, are for A. 8. C. E. Rails. 
Splice Bars § 4540 to § 840, inclusive, are for Light Rails. 


Lg 
ie 6 Rad. 6 Rad.|- 
(os : Pai 
i a : an 
i; be 
f- : ' F | 
ip) + Yo 4 79 
Ly : 
a i 
Weight 3 
‘ per Foot, by K e d a é 7 : , . ; 
Section Unfinished 
Index | 
Pen | hs heal aeee Ie Ging | ene isc ll sine aiae | sek || den, apn In 
Pounds 
S 10040 15.80 | 3x, 133] 33 | % | as 113%] 1% jlris| #3 | & |3K| % 
S 9040 13.50 2et|196| 18 | 33 | 48 | 1] 14 | 448] Sh |] a8 213| 4% 
S 8540 12.40 234/185] 8t | 38 | 48 | 18] Ww] % | 42 3a | 233) 4% 
S 8040 11.50 256|135| 33 | 84 | 22 |1Ml | % | 3% ve | 234] 
S 7540 | 10.70 2si|18t| sf | $3 | ve | 122] ye | 492) 23 tas | 233) ye 
S 7040 ! 10.00 233 | 18f) 8% | 48 | 2% | 1h] ve | & | 33 st | 214) we 
8 6540 9.20 | 236| 182] 83 | 34 | 43 | 188] | 84 | 48 | & | ous Ye 
S 6040 8.40 23f| lez) 82 | 56 | 22 | 13] & Yus| 82 | gos | 205] 36 
S 5540 7.50 2t| 142) 8b | 48 | 86 | 1K! we | BR &% az | 235| 3% 
S 5040 j 6.62 215) 174| 32 | 42 | 8% | 1 | 48 | &% | 5% bz | 2x5] 36 
S 4540 5.80 132) 1er| 2 | 34 | 22 | Bh) 42 sf | 42 | a | 18h] % 
S 4040 5.00 1gi| $4) 14 | 48 | 48 | 28] a2 | 2% Ye | 130 /1%| & 
S 3540 4.58 1g3| 8f/ #2 | % | & | 33/4 ai | 82 | wa | 128] 
S 3040 3.97 132] 85] vs | 43 | | 38] 43 ai | 4% 1ié| zs 
S 2540 2.20 13t} $4) 48 | 1 S|] bl S Tes 
S 2040 1.87 133| 43) % | 
S 1640 er A0) 1g?| 8f| af | 
S 1440 1.36 135] 33] oy | os 
S 1240 1.36 jl) 43] % | & 
S 1040 0.985 té| 48) & | 
S 840 0.747 18| we] & | & 


138 


SPLICE BARS 


SPLICE BARS—Concluded 
AMERICAN RAILWAY ASSOCIATION RAILS 


a 
i 


seg 


SERIES A 


<-i->he-e-- 


: ae El] 19 If Oi Gh Gy se yee eRe if tn hat f | ie Pea 
Section | Unfnished 
Index 
Pounds Tne | tiny) | gine ine ne Es |) Lae) lia) in| Tn Tee 
S 10020) 19.04 | 33¢| 133) $4 | 34 | $3 | 184) sz] 34 | ga | 1 48 13355) % 
S 9020) 16.64 | 335] 133] 48 | 33 | 53 | 1s] 135] 32 | we | is) we |3 4é 
*§ 8020) 13.43 | 233/135] 36 | 33 | Pe | 14 | 182) 82 | 32] m2] 82 | 224| % 
S 7020) 11.64 | 2/122] 84 | 56 | 48 | l&e| lee] 2 | a2 | a2) @ | 2ie| te 
S 6020) 10.63 | 222) 184] 42 | 56 | 82 | 126 | Lads] Hes | hs | 34) wes | 2x0] % 
S 10030 
SERIES B 
Seer Fe 
ears teat tee te eta a Pe LA 
Section | Unfinished a 
Index 
ins, Tea, | iti | sen | hae eng hy Bins |) Wie | ens} Us|) Wey ff eae Pte 
Pounds 
*S 10030| 16.92 | 288/138] 32 | 48 | 4 | Lee | te | 32 | dee | Gh | des [Sits KK 
*S 9030) 14.42 | 254/128] 38 | 48) 38 |1er| doy | 38 | o& | a2 | SF [2i88 5 
«3 8030] 12.65 | 243/148] 3% | 34 | Bi | Lee llxds| 34 | vow | 28 | ok | 22 te 
*3 7030| 11.90 | 26%] 13s] 48 | 34 |B | 1] BE | 34 | a] ed | wee [Arve 34 
*§ 6030) 9.50 | 2x5 | 134] 45 | 48 | tes | lxe| 8f | 34. | 4k | 84 | ae | 2ae| 38 


*Not rolled by Carnegie Steel Company. 
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STEEL COMPANY 


CARNEGIE 
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RAIL ACCESSORIES 


RAIL CLIPS 


aewyl “Yao 1 Yes 
ee 


. 104 


. Weight of 
be ae ‘ Weight rai 
ee ee fs per Foot, ae Rail Section 
Pounds moana 
103 214 x2 44 0.64 | 100 to 60 1b. A. S.C. E. Rails. | 
114 1uxl 2.3 0.25 50 to 20 Ib. A. 8. C. E. Rails. 
118 ES 5.65 0.85 100 to 60 lb. R. B. Rails. | 
104 exe 1533 1.10 100 to 60 lb. A.S.C.E. Angle Bars 
108 3 Yj x2 4.8 0.70 Girder Rails. | 


ies: can be furnished with 38’” ciate holes. 
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CARNEGIE STEEL COMPANY 


PIPE—BLACK AND GALVANIZED 


NATIONAL TUBE COMPANY STANDARD 


STANDARD PIPE 


Diameters, Weight per Foot, Casals 
Inches Thick- Pounds Threads 
Size, ness per 
fc Inches Plain rete Inch |Diameter,) Length, | Weight, 
Bxteruat | Teterne! Ends as Inches | Inches | Pounds 
Couplings 

4% -405 -269 | .068 .244 245 27 -562 % -029 
y% .540 .364 | .088 424 425 18 .685 1 043 
3% -675 -493 | .091 567 568 18 .848 1% -070 
i .840 -622 | .109 -850 852 14 1.024 1% -116 
34| 1.050 .824 | .113 1.130 1.134 14 1.281 1% -209 
tf 1.315 1.049 | .133 1.678 1.654 11% 1.576 1% 343 
144) 1.660 1.380 | .140 2.272 2.281 11% 1.950 2% 535 
1144 1.900 L610) |5 45) Abe 2.731 11% 2.218 2% -743 


2 2.3875 | 2.067 | .154 3.652 | 3.678} 111% 2.760| 25 1.208 

2.875 | 2.469] .203 5.793 | 5.819 3.276| 2% 1.720 
3 3.500 | 3.068] .216 7.575 | 7.616 3.948) 3% 2.498 
34) 4.000 | 3.548] .226 9.109 | 9.202 4.591] 35 4.241 


4.500 | 4.026] .23 5.091} 354 4.741 
5.000 | 4.506} .24 5.591] 3% 5.241 
5. 


4 10.790 | 10.889 

4% 

5 5.563 5.047 | .2é 6.296} 4% 8.091 
6 

7 

8 

8 

is) 


7 
7 | 12.538 | 12.642 
8 | 14.617 | 14.810 


6.625 6.065 | .280 | 18.974 | 19.185 7.358; 4% 9.554 


8.358| 41% 10.932 
9.358| 45% 13.905 
9.358] 454 13.905 
10.358| 51 17.236 


11.721| 6% | 29.877: 
11.721] 6% | 29.877 
11.721] 6% | 29.877 
12.721| 6% | 32.550 


13.958| 61% | 43.098 
13.958| 61% | 43.098 
15.208| 6% 47.152 
16.446] 61% |,59.493 


17.446] 61% 63.294 


7.625 | 7.023 | .301 | 23.544 | 23.769 
8.625 | 8.071 | .277 | 24.696 | 25.000 
8.625 | 7.981 | .322 | 28.554 | 28.809 
3 


9.625 | 8.941 2 | 33.907 | 34.188 


10 | 10.750 | 10.192 | .279 | 31.201 | 32.000 
10 | 10.750 | 10.136 | .307 | 34.240 | 35.000 
10 | 10.750 } 10.020 | .365 | 40.483 | 41.132 
11 | 11.750 | 11.000 | .375 | 45.557 | 46.247 


12 | 12.750 | 12.090 | .330 | 43.773 | 45.000 
12 | 12.750 | 12.000] .375 | 49.562 | 50.706 
13 | 14.000 | 13.250] .375 | 54.568 | 55.824 
14 | 15.000 | 14.250} .375 | 58.573 | 60.375 


15 | 16.000 | 15.250 | .375 | 62.579 | 64.500 


DP WAMANH WDHHNH DHMH HMHOMH WHOM 


The permissible variation in weight is 5 per cent. above and 5 per cent. below. 

Furnished with threads and couplings and in random lengths unless otherwise ordered. 

Taper of threads is 34’” diameter per foot length for all sizes, 

The weight per foot of pipe with threads and couplings is based on a length of 20 feet, 
including the coupling, but shipping lengths of small sizes will usually average less than 20 feet. - 


; All weights and dimensions are nominal. On sizes made in more than one weight, weight 
desired must be specified. 
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PIPE—BLACK AND GALVANIZED—Concluded 


NATIONAL TUBH COMPANY STANDARD 


EXTRA STRONG PIPE DOUBLE EXTRA STRONG PIPE 
Weight, | i : 
Diameters, ; per Diameters, on 
Sine) Inches Thick- Foot, Si Inches Thick-| oot, 
tas Wo aoe Pounds ae ness, | Pounds 
SU NES | Se Inehess |S 
External |’ Internal en External | Internal Plain 
nds | Ends 
\&% 4.05 215 | .095 314 16 -840 252 | .294 1.714 
“a oe oe oe 535 84 1.050 434 | .308 2.440 
88 675 423 | .126 _ +138 1 1.315 099 | .358 3.659 
% .840 546 | .147 1.087 || 144] 1.660 896 | .382 5.214 
84; 1.050 AA2)| 154 1.473 || 1144] 1.900 | 1.100 | .400 6.408 
1 1.315 AVC | silzts) 27 |) 2 2.375 1.503 | .436 9.029: 
Ms 1883) 258 | 8b | 2080] 2] SERS | 255 | es | aS 
Al ak, j : 3 5 a : 18.583 
2 2.375 1.939 | .218 5.022 || 344] 4.000 | 2.728 | .6¢ 2 
2% 2.875 2.323 | .276 7.661 ie 4.500 3.152 era a7 Fat 
2 3.500 2.900 | .300 | 10.252 || 44% 5.000 3.580 | .710 | 32.530 
314, 4.000 | 3.364] .318 | 12.505 || 5 5.563 | 4.063 | .750 | 38.552 
4 4.500 3.826 | .337 | 14.983 || 6 6.625 4.897 | .864 3.1 
414} 5.000 4.290 | .355 | 17.611 || 7 7.625 5.875 | .875 63.079 
e peee ay a aes 8 8.625 | 6.875 | .875 | 72.424 
7 7.625 | 6.625 | .500 | 38.048 Furnished with plain ends and in random 
8 8.625 | 7.625 | .500 | 43.388 | lengths unless otherwise ordered. 
9 9.625 | 8.6251! .500 | 48.728 Permissible variation in weight, for extra 
10 10.750 9.750! .500 | 54.735 pone pipe, 5 per cent. above and 5 per cent. 
i 1.7: ae : Sail F 
‘ reece ee oe one For double extra strong pipe, 10 per cent. 
13 12.000 | 13.000 | ‘500 ee Aer above and 10 per cent. below. = 
14 15,000 14.000 | (500 | 77.431 All weights and dimensions are nominal, 
15 16.000 | 15.000 | .500 | 82.771 


LARGE O. D. PIPE 


Weight per Foot, Pounds 


ar 
& Thickness, Inches 

N 

a / / 7 | - 

V4 "A6 ¥ Ae a) %e 56 a4, 70 1 
14136.713/45.682] 54.568] 63.371) 72.091) 80.726) 89.279)106.134)122.654/138.842 
15/39.383/49.020) 58.573] 68.044) 77.431) 86.734) 95.954)114.144/132.000)149.522 
16/42.053/52.357| 62.579] 72.716] 82.771] 92.742)102.629]122.154)141.345)160.202 
17|44.723/55.695| 66.584] 77.389] 88.111} 98.749/109.304/130.164/150.690/1 70.882 
18/47.393/59.032] 70.589] 82.061) 93.451/104.757|115.979/138.174)160.035)181.562 
20 65.708] 78.599] 91.407|104.131/116.772)129.330/154.194)178.725)202.923 
21 69.045] 82.604] 96.079|109.471/122.780)136.005/162.204) 

22 72.383] 86.609/100.752)114.811/128.787/142.680/170.215 
24 94.619|110.097|125.491/140.802/156.030/186.235 
26) 102.629|119.442/136.172/152.818)169.380)/202.255 
28 128.787|146.852]164.833/182.730|218.275) 
30 138.132]157.532/176.848]196.081/234.296 


Furnished with plain ends and in random lengths, unless otherwise ordered. 
All weights and dimensions are nominal. 
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CARNEGIE STEEL COMPANY 


SCREW THREADS 
AMERICAN BRIDGE COMPANY STANDARD 


Bouts, Rops, Eye Bars, TURNBUCKLES, SLEEVE Nuts, AND CLEVISES 


Diameter Area | N ot | Diameter Area her os 
Catal 
Total Net, | Total Net Threads || Total, { Net, | Total Net | Threads 
fd Dia., d, | Dia., ¢, per | ‘ c, Dia., d, | Dia., ¢, | per 
In. In. | Sq. In. | Sq.tn.| Inch In. | In. | Sq. In. | Sq. in.| Inch 
4% | 185 | .049| .027] 20 2% | 2.175| 4.909] 3.716| 4 
3% | 294] .110| .068 16 254 | 2.300] 5.412] 4.156] 4 
% | 400 | .196| .12 13 234 | 2.425! 5.940] 4.619| 4 
54 | .507 | .307| .202 11 2% | 2.550] 6.492] 5.108] 4 
“4 oo are ae 7 3 2.629 | 7.069| 5.428| 314 
Aes 5 ; 31% | 2.879] 8.296| 6.509] 3% 
1 -838 | .785 | .551 8 334 | 3.100 | 9.621] 7.549] 314 
14 -939 -994 | .693 tf 334 | 3.3817 |11.045] 8.641 3 
LA. / 997 =i8 7 
i Tad ea one 6 4 | 3.567 |12.566| 9.993] 3 
1% |1.283 | 1.767 | 1.294 6 434 | 3.798 |14.186/11.330| 27% 
15% 1.389 | 2.074 | 1.515 5% 4% | 4.028 |15.904/12.741 234 
13% |1.490 | 2.405 | 1.744 Is A834 | 4.255 |17.721|14.221 2% 
1% |1.615 | 2.761 | 2.049 5 5 | 4.480 |19.635/15.766| 214 
2 1.741 | 3.142 | 2.300 4% | 5% | 4.730 |21.648/17.574| 21% 
2% |1.836 | 3.547 | 2.649 414 || 534 | 4.953 123.758/19.268| 234 
24% |1.961 | 3.976 | 3.021 444 || 534 | 5.203 |25.967/21.262| 23 
234 |2.086 | 4.430 | 3.419 | 4% || 6 | 5.423 |28.974|23.095| 214 


BOLT HEADS AND NUTS 


AMERICAN BRIDGE COMPANY STANDARD 


Rough Nut Finished Nut | Rough Head Finished Head 
ar f g f h f h 
1.5d+44" d 1.5d+46") d—%o6" |1.5d+K"| oO.5t 1.5d+146/0.5f—14 6" 


For Screw Threads, Bolt Heads and Nuts, the American Bridge Company has adopted the 
Franklin Institute Standard, commonly known as United States Standard. 
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BOLTS 


AMERICAN BRIDGE COMPANY STANDARD 


BOLT HEADS AND NUTS, Diwenstons 1n IncHEs 
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Bolts not listed are threaded about 3 times the diameter; in no case are standard bolts 


threaded closer to the head than 14 inch. 


CARNEGIE STEEL COMPANY 


BOLTS WITH SQUARE HEADS AND NUTS 


AMERICAN BRIDGE COMPANY STANDARD 


WEIGHT IN Pounps PER 100 Botts 


Length Diameter of Bolt, Incbes ~ 
Under , 
Head, | 
Inches VA 546 % the yay || as 54 % 1 
| E. 
4 7 ll ae ile 56 
1K 4 He We ep 16 23 | 39 59 
144 Sales 12 17 | 24 | 41 62 
134 Sane 13 18 | 26 | 43 64 
2 Sealine 9 14 19 2 | 45 067 dois 
2u Coulee: 15 | 20 23 ar 71 104 | 150 
21 Cm 0) ass | SSL 30 ee sats) 155 
234 6 | 10 16 | 22 a TEAM. slates oy) aia 
3 ie a) alt 17 24 oR 54 80) 117 | 167 
Bu 7 12 18 25 35 58 86 | 126 | 178 
4 8 13 20 28 38 62 92 | 134 | 189 
4% 9 14 21 30 41 66 98 | 142 | 198 
5 10 15 23 32 43 71 | 104 | 151 | 209 
5% 10 16 25 34 46 75 | 111 | 159 | 220 
6 11 17 26 36 49 79 | 117 | 168 | 232 
61% 28 38 52) sa 28s zeus 
7 29 40 55 | 88 | 129 | 185 | 254 
™% 31 42 57 I 92) 86n aos ees 
8 32 45 60 97 | 142° | 202°) e76 
9 34 49 65 105 | 154 | 218 | 298 
10 53 71 14 || Li67 | 235 3820 
12 | 61 82 131 | 192 | 269 | 364 
14 4 93 NR || Baler || Bes || 09 
Maras by | | eh AB 5:6) |) 89) tes | a7eonmeors 


SQUARE NUTS AND BOLT HEADS 


AMERICAN BRIDGE COMPANY STANDARD 


WEIGHTS IN Pounps ror ONE HEAD AND One Nor 


Diameter of Bolt, 
Inches 14 1% 184 2 2 3 


Square Head and Nut....| 2.05 3.51 5.48 8.08 15.5 26.2 


Weight of Shank per Inch| .3477 .5007 6815 -8900 1.391] ‘2.003. 
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<< ee) Se Stee Je ee 
BOLTS WITH HEXAGON HEADS AND NUTS 
AMERICAN BRIDGE COMPANY STANDARD 
WEIGHT IN Pounps PER 100 Bouts 

Length Diameter of Bolt, Inches Length Diameter of Bolt, Inches 

Under Under 

Head, Head, 

inelies me) 58 34 1% 1 Inches wy 5% 84 73 1 
1 19 30 52 8 58 92 | 137 | 194 | 264 
14% 20 34 54 84 60 96 | 143 | 202 | 274 
1% 22 36 57 9 63 | 100 | 149 | 210 | 285 
134 23 38 60 9% 66 | 105 | 156 | 219 | 296 
Bs 24 40 63 93 | 132 10 68 | 109 | 162 | 227 | 307 
24 26 43 66 OF | 137 1014 71 | 114 | 168 | 236 | 318 
2 27 45 69 | 101 | 1438 ial 74 | 118 | 174 | 244 | 329 
234 29 47 72 | 105 | 148 114% 77 | 122 | 181 | 253 | 341 
3 30 49 75 | 109 | 154 12 80 | 127 | 187 | 261 | 352 
3% 31 51 78 | 114 | 160 12% 82 | 131 | 193 | 270 | 363 
3% 33 54 S82. P1389) 165; 13 85 | 1385 | 199 | 278 | 374 
334 34 56 enay |) abet | ills 13% 88 | 139 | 206 | 287 | 385 
4 35 58 88 | 126 | 176 14 91 | 144 | 212 | 295 | 396 
44 Bf 60 90 | 130 | 180 144% 93 | 148 | 218 | 304 | 407 
4l6 38 62 94 | 1384 | 186 15 96 | 152 | 225 | 312 | 418 
434 39 64 OF 133 |) L931 154% 99 | 157 | 231 | 321 | 430 
5 4i 66 100; 1435) 197 | 16 102; | 161 | 237 | 329)) 441 
54% 42 68 103 | 147 | 202 1614 105 | 165 | 243 | 338 | 452 
54% 44 71 106 | 151 | 208 17 107 | 170 | 250 | 346 | 463 
534 45 73 109 | 156 | 213 17% 110 | 174 | 256 | 355 | 474 
6 A6 75 112 | 160 | 219 18 113 | 177 | 262 | 364 | 485 


6% 45 77 | 115 | 164 | 225 184% | 116 | 183 | 268 | 372 | 496 
6% 49 Oma LOM Oa e230 19 119 | 187 | 275 | 381 | 507 
634 51 81 | 122 | 173 | 236 19% | 121 | 191 | 281 | 389 | 519 
7 52 84 | 125 | 177 | 241 20 124 | 196 | 287 | 398 | 530 
V4 53 86 | 128 | 181 | 247 
74 55 88 | 1381 | 185 | 252 
734 56 90 | 134 | 190 | 258 


Per Inch ae Reon |eberalachi oe 3 oe 
ddinenal SLOMSnd ele Oath ONE2 2.3 Ranioel 5.6 | 8.7 | 12.5] 17.0) 22.3 


HEXAGON NUTS AND BOLT HEADS 


AMERICAN BRIDGE COMPANY STANDARD 


Wericuts IN Pounps ror ONE Heap anp One Nour 


Diameter of Bolt, 
Inches 


1%, 1% 134 2 2M 3 


Hexagon Head and Nut..| 1.73 2.95 4.61 6.79 13.0 22.0 


Weight of Shank per Inch| .3477| .5007! .6815! .8900| 1.391 | 2.00 
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CARNEGIE STEEL COMPANY 


UPSET SCREW ENDS FOR SQUARE BARS 


AMERICAN BRIDGE COMPANY STANDARD 


BAR UPSET 
| Bd | Area 
aie eae Diameter 
Side of | Area, SEN Tyameten|| cl cth | Lengt at | 
Sayare | 80 | P| Be | cae, | pitty | Beotot | at Root | Bowe 
d, Inches | Foot, Inches | Inches Upset Thread oO R f 
Inches Lbs. +10%, | Cc, Thread, rae 
Inches | Inches |§q. Inches) Bar, 
% 
| = 
* 34 | 0.563] 1.91 1% | 4 4 0.939 0.693 | 23.2 
* 1% | 0.766] 2.60] 11% 4 3% 1.064 0.890 | 16.2 
1 1.000) 3.40] 11% 4 | 4 1.283 1.294 | 29.4 
1% | 1.266; 4.30] 15% | 4 34 1.389 RUS) || CLF; 
1g | 1.563| 5.31) 1% | 4% | 4% 1.615 2.049 | 31.1 
13% | 1.891} 6.43] 2 416 4 | Lvlt- | 2.360;) 21-7 
1% | 2.250] 7.65] 21% 5 Dey LeOGT alee stO2T a meses 
15 | 2.641] 8.98] 23 5 434 | 2.086 3.419 | 29.5 
13% | 3.063] 10.41] 21 54 4lé 2.175 Su716) | oes 
1% | 3.516/11.95| 234 5% 5 2.425 4.619 | 31.4 
2 4.000 | 13.60] 27 6 5 2.550 5.108 | 27.7 
2% | 4.516 | 15.35 3 6 416 2.629 5.428 | 20.2 
244 | 5.063} 17.21| 314 6% 54 | 2.879 6.509 | 28.6 
2% | 5.641) 19.18] 31% bi 6144 | 3.100 7.549 | 33.8 
274 | 6.250 | 21.25 | 334 7 7 3.317 8.641 38.3 
2% | 6.891! 23.43 | 33, a 54% | 3.317 8.641 | 25.4 
234 | 7.563] 25.71 | 4 7% 614 3.567 9.993 | 32.1 
2% | 8.266/ 28.10| 4% 8 7% 3.798 | 11.330 | 37.1 
3 9.000 | 30.60 | 414 8 6 3.798 | 11.330] 25.9 
34% | 9.766 | 33.20] 414 84 7 A O28 ei lou Teles Ons 
34% |10.563| 35.91 | 434 84 1% | 4.255 | 14.221 | 34.6 
Upsets marked * are special, ‘7 
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UPSET SCREW ENDS 


UPSET SCREW ENDS FOR ROUND BARS 


AMBRICAN BRIDGE COMPANY STANDARD 


Pitch and Shape of Thread A. B. Co. Standard 


BAR UPSET 
an Area 
Weigh aedinonsl Diameter | 
. ‘ Veight . ength at 
aes ie per es anes RS Gere ll NG Eee ues 
Inches | Inches | Lhe.’ Inches Inches +10%, ee Theead, Area of 
Inches Inches | Sq. Inches Bar, 
* 34 0.442 1.50 1 4 4 0.838 0.551 24.7 
* 714 0.601 2.04 14% 4 5 1.064 0.890 48.0 
att 0.785 2.67 1384 4 4 1.158 1.054 34.2 
14 0.994 3:35. 1% 4 4 1.283 1.294 30.2 
1% 227 4.17 154 4 4 1.389 Dou S 23.5 
134 1.485 5.05 13% 4 4 1.490 1.744 17.5 
1% 1.767 6.01 2 44 46 iyo 2.300 30.2 
1% 2.074 7.05 2% 4M 4 1.836 2.649 Dk 
134 2.405 8.18 24 ay 4 1.961 3.021 25.6 
1% 2.761 9.39 234 5 4 2.086 3.419 23.8 
2 3.142 | 10.68 24% 5% 4 2.175 3.416 18.3 
2k 3.547 | 12.06 25% 5144 3% 2.300 4.156 A ehee4 
24% 3.976 | 13.52 2% 6 4% 2.550 5.108 28.4 
23% 4.430 | 15.06 3 6 Ale 2.629 5.428 22.5 
2% 4.909 | 16.69 34% 6% 514 2.879 6.509 32.6 
2% 5.412 | 18.40 3% 6% 4% 2.879 6.509 20.3 
234 5.940 | 20.19 3% rh 54% 3.100 7.549 Qik 
2% 6.492 | 22.07 334 7 6 3.317 8.641 Boul 
3 7.069 | 24.03 334 i 5 Sole 8.641 22,2 
3% 7.670 | 26.08 4 7% 6 3.567 9.993 30.3 
34 8.296 | 28.21 4 7% 5 3.567 9.993 20.5 
334 8.946 | 30.42 Aly 8 5% 3.798 L330) 26.6 
3% 9.621 | 32.71 4l4 8 5 3.798 11.330 gists) 
354 /|10.321 | 35.09 4% 8% 5% 4.028 12.741 23.4 
334 /11.045 | 37.55 434 8% 6 4.255 14.221 28.8 
3% |11.793 | 40.10 434 84 54 4,255 14.221 20.6 


Upsets marked 


* are special. 


: CARNEGIE STEEL COMPANY 
EYE BARS 
AMERICAN BRIDGE COMPANY STANDARD 
ORDINARY EYE BAR ADJUSTABLE EYE BAR 


Minimum length of short end from center of 
pin to end of screw, 6’-6’’, preferably 7’-0/. 
| Thread on short end to be left hand. 

Pitch and Shape of Thread A. B. Co. 


| Standard. 
BAR | HEAD | BAR | SCREW END 
| | ; Additional Additional 
nya Modes Material, a, m Material.b, 
ite ft. and In. || ‘ m5 u XCESS) Ft. and In. 
Width! | | dy | ]Bixeesal | Widen) hiek:| “ue | Ubset Length 
In. See ie -_ | Head ewallenane ||| hom lite: Ti eee gal Pepe nice 
Max.|Min. Dia. |-- “2° | order-|. “Or | ness) +0.) Bar | In. jorder-|fgur- 
In. | In. In. nae ing |¥guring)) In. % ing | ing 
A Bar | Weight; Bar | Wt. 
44} 134 1="0)}) O= 7 * 541134 |39.6| 4 |1- 0] 8 
2 |1 | Wl 514! 234)37.5| 1- 4| 0-11] 2 34) 17g |36.6| 434 |1- 0] 7% 
* 614) 334 eS) ee %l_2  |31.4) 41% |0-11) 714 
DT Wa 1- 3| 0-10 * 34/216 |41.2) 4% [1- O| 8 
24¢}1 | %l 7 | 3'4)40.0/1- 7] 1-2] e%)| Blevlssil~5 l1-o018 
* 8 4 PS 0S 7 1_| 234 |36.7| 5 _|1i- 0] 7% 
714) 314% 1296 |hi=wil * 34/244 | 34.3 1- 0} 7% 
3 |146] 54 8% 4%] 41.7/1-11| L 53 al ose | a6 Bult a 62 
: * 914) 514 | 2- 4] 1-10 | 24 |23.9| 5% |1- 1] 814 
34) 10 41% 1-11] 1- 6] * 34) 2146 |23.9| 5% | 1- 1 
4 13/3] 11 | 514/37.5/2- 3] 1-10] 44) 254 |32.0| 352 |o-al| 330 
1 /*12 | 6% 2-8) 2-9 E30 1 S5s7)|) Gal dealsts 
34| 12 54 2-1/1-8 1}%| 3}4 | 44.6) 614 | 1- 2) 914 
5 |2 |1 | 13%! 634) 35.0] 2- 8| 9- 2 * 34/274 |36.2| 6 |1- 0 8 
1 /*15 | 84 3- 3| 2-9 %\ 3. | 24.1) 6 |0-11) 7 
34| 14. | 534 2- 4) 1-10] 5 1 |3%|30.2| 6% /1- 018 
67 2) 1484) 1624)'S7.5 92 6 9-8 1 1}4) 344 |34.2| 7 /1- 1) 8% 
1 (*16%4| 814 B- 2| 2-8 134| 334 | 38.3| 7 |1- 2) 9 
116%) 7 2- 7/2 2 “1 | 322 | 25.8) 7 |1- 0) 734 
7 |2 |1¥4) 1734) 8 | 35.7) 2-11] 2- 6 ¢ 14) 384 |28.0) 7 |1- 018 
14% )*1814] 9 Bera 14) 4 | 33.2] 714} 1- 1/814 
1 18 7 2- 8/2- 3 1% 444 | 37.3) 8 | 1- 2) 91% 
Be. dae tor 8) 187-51 32.0)| 25 el [*1¥4)4 |26.9| 744 |1- O| 8 
114|*20 | 9 3- 4) 2-11] 7 174) 414 |29.5| 8 |1- 1) 814 
9 lo |1%| 20 | 74/gg o/211/ 2 6 134| 414 | 32.4] 814 /1- 21 9 
SA E223 | OV AIS ear al Wy h| _1%) 494 | 35.4) 814 |1- 2) 914 
1%) 22%)" 9 8- 5} 2-101] | *14) 414 | 25.9) 8 1-08 
10 |2 |134| 24 "| 1014! 35.0] 3- 9| 3. 3 1/4) 4% |27.4| 814 |1- 1) 8% 
134/*25 11114 4-1) 3-7] 8 134] 434 129.3] 814 ]1- 1 814 
1%) 2634) 10 3- 8|3-3 1\6 31.4] 9 1- 2} 9 
12 |2 |13¢| 28 |1144/37.5| 4 2| 3. 8 14) 574 | 35.2) 944 | 1- 3:10 
114|*2914] 13 AA7 8 AS Ah | ee 
Care CCOkre sepa as B 
4 5.7| 4-101) 42 4 ars marked * should only be u 
ae #34 115 5- 5| 4- 8 Rey eens: ai acon 
ee Se ey all Sie educt pin hole when figuring weight. 
HO") We aveelte leaale. alae a hh 


LOOP RODS 


LOOP RODS 


AMERICAN BRIDGE COMPANY STANDARD 


Left Thread 
2 P°'Min. Length 4-7’ 


Sac careear igs ace a alan i ienoes J For Sleeve Nut 


i} 
, 


K-5 


Right Thread 


Pitch and Shape of Thread A. B. Co. Standard 
AppITIONAL Lenets “A” In Feet AND INCHES ror ONE Loop 


A=4.17p+5.89r 


 -_ length 1s 


” For Turnbuckle 


Diam. Diameter or Side ‘‘r’’ of Rod in Inches 
of 
Pin, | 
p 54 % 1 ils 144 13% 1% 1% 184 1% 2 
11% |O- 9140-10 |0-11 |0-1114% 
114 |0-10 |0-1044/0-11)44)1- 0 |1- 1 
1% |0-11 |O-1114)1- Oj1- 1 |1- 2 |1- 2% 
134 |1- O |1- Olj1- 1}4)1- 2 |1- 3 |1- 344)1- 4441-5 |1- 6 
2 jl- 1 jl- Ugil- 241-3 j1- 4 ji- 4j1- 5144)1- 6 |i- 7 |1- 7TUu)I- 84 
214 |l- 2 j1- 3 |1- 3i4jl- 4441-5 |1- 5iil- 61-7 |1- 8 |1- 8i4j1- 9% 
244 |1- 3 |1- 4 |1- 4))1- Sel1- 6 |1- 7 |i- 741-8 |1- 9 |1- 9%4%/1-10% 
234 jl- 4 j1- 5 |l- Sil- Gil- 7 |1- 8 ji- SMi1- 9Wwi1-10 /1-11 |1-11% 
! 
3 |i- 5 |l- 6 |1- Glll- 7lgjl- 8 |1- 9 |i- 9M4/1-1044]1-11 |2- 0 [2- 0% 
*31g |1- 6 |1- 7 |1- 7i4}1- 8l4)1- 9 {1-10 |1-1014/1-1114\2- 0 |2- 1 |2- 1% 
314 |1- Tieil- 8 |1- Slgil- Oj1-10 |1-11 j|1-1114/2- Ol4\2- 1 |2- 2 |2- 2% 
*334 |i- S¥i1- 9 [1-10 |1-10}g/1-11 /2- O |2- O4)2- 144\2- 2 [2-3 |2- 3% 
4 |1- 9441-10 |1-11 /1-1114)2- 034/2- 1 |2- 2 |2- 2lg\2- 3 |2- 4 |2- 4% 
*414¢ 1-11 |2- O |2- O%4)2- 1}4/2- 2 |2- 3 |2- 314)2- 4¥gj2- 5 [2- 6 
Av 2-0 [2-1 |2- 144)2- 242-3 |2-4 |2 42 542-6 |2-7 
¥*434 2- 1 |2- 2 |2- 24/2- 314j2- 4 |2- 5 |2- 5Y4\2- 64/2- 7 |2- 8 
5 2- 214\2- 3 |2- 314/2- 414)2- 5 )2- 6 |2- 614/2- 714\2- 8 |2- 9 
¥514 2-4 |2- 5 |2- 544)2- 6 |2- 7 |2- 714)2- 84/2- 9 j2-10 
54% 2-5 |2- 6 |2- 614)2- 7i4\2- 8 |2- 9 |2- 944/2-10 [2-11 
#534 2-6 |2- 7 |2- 74)2- 814/2- 9 |2-10 |2-1044/2-1119/3- O 
6 2- 7 |2- 8 |2- 814)2- 914/2-10 [2-11 |2-11}4)3- O}4,8- 1 
#614 2- 9 |2- 914/2-1014)2-11 |8- O |3- Olg3- 1}e8- 2 
6144 2-10 |2-1014/2-1134/38- 0 B- 1 |8- 144- 2'4)3- 3 
#634 2-11 |3- 0 |3= O4)38- 1 [8- 2 [3- 214/3- 3}4a)3- 4 
7 3- O |8- 1 |3- 114)3- 2144/3- 3 [B- 344|/8- 414)3- 5 


Ping marked * are special. Maximum shipping length of ‘‘l’’==35 feet. 
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Grip—thickness of plate + 14’’ but must not exceed dimension f 


AMERICAN BRIDGE COMPANY STANDARD 


e-----@---- > 


CLEVISES 


All dimensions in inches 


i clearance line 
“N+ ----+=--- a--------- > 


s Head Nut Fork | ise 
o5| | Max, Min.) | / 8 
oH . bal 4 = 
Shee Te Max. |Min| r | Ley on | ch [ell aa Sele Satay ames 
Z| Ie Was eo ie 
| aN | ie | ' 
| 
3 | B {134) 36 |i 2 242% 3 | 14/234)1341 | 8y5| 134] 5 | @ as 
4 4 }2 44/2 1143 3 4 |134/2%) 15) 114/35) 134] 6 5 8 
5 | 5 | 234 5¢ |234/134/334/3%4| 5 |2ul3ul\21 14) 4ulou| 7 | 6 | 16 
6 63 | 34 13 2 [44 6 | 243 25%) 2 5%] 234] 8 % |) 26 
717 Ig %l3\% 211 5141514 7'3 15 183 lovie6si3syui 9 | 8 136 
Cievis Numbers ror Vartous Rops anp Pins 
Rods Pins 
Round | Square | Upset 1 | 14] 146) 1% | 2 | 2% | 2% | 2% |] 3 | 3% | 3% 
nl ee Pak Salles ies | 
ities 34 1% 3 3 3 4 | 4 
%| K 1% 4/4/4)]4 
ee ee 13% 4 4/14 4 
1K il 1% 4 4 4 4 5 5 
14 1K 1% 4 4 4 4 5 5 
a ten aan 134 5 5 | 5 5 5 
whee, tas 1% 1% 5 5 5 5 i 
144 | 13% | 2 Bo] SBS Sie. be GedenBe rel a 
BAS Ie ee | 2% 5.16) fect iiOey oe 
134 1% 244 6 | 6! 6 | Gl 67 7 
1% 154 234 6 6 6 6 6 6 i 
2 134 24 6 6 6 6 6 Uf 7 
21 fpacicereee 254 6 6 6 6 6 v4 7 
eines | 1% 234 7 ‘ea ‘a e Ga 
24 | 2 2% Ce eee Nez 7 
2% | 2% | 3 aa arate al eee 


Clevises above and to right of zigzag line may be used with forks straight, those below and 
to left of this line should have forks closed so as not to overstrain 
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pin. 


TURNBUCKLES AND SLEEVE NUTS 


TURNBUCKLES AND SLEEVE NUTS 


AMERICAN BRIDGE COMPANY STANDARD 


All Dimensions in Inches 


TURNBUCKLES SLEEVE NUTS 
a—6’’; a9’ for turnbuckles marked *. 
Pitch and shape of thread, A. B. Co. Standard. Pitch and shape of thread, A. B. Co. Standard 
Diam Standard Dimensions 23 Diam. Standard Dimensions ee 
of = a me 
| © crew 
cee d ] c t g b Ex u d ] a b ¢ t Ee 
36 16 7% 16 Ve “% Iis 1 
elle su rail el ails Pe bee) 
Va 84 Tee) oe ya) Oe Le) 
;| 32] 743) 48) vs] 34) Ive] 1h 
54] 48). 77%4| 48| ws} 34| lis] 1% 
84/114| 834| lvs| 44] | 2 2 
Hl lvs| 854| 14) %) 1 | 2h) 38 %%| 134) 7 | 154) 1%| 1%) M4) 8 
1 144| 9 lys| rs| 144) 2%) 4 1 1% 7 154| 1%| 1%! 3 
114/144] 936] lve} 14| 14| 2%) 5 114% | 134) 7i4| 2 vs| 13%| we) 4 
1144|174| 934) 1%) 14) 14) 234) 6 1MZ| 184) 7144| 2 | 2s) 1%| ve) 4 
134| 27, |10%4| 114] 34) 1%4| Bre) 7 134| 2 | 8 | 236) 234) 154) %| 5 
144 | 234|1014| 134) 94} 134] 3x5 8 144) 2 8 234| 234] 154) 34 6 
154) 275 |10%) 2 54| 1/4| 344] 10 154] 214] 814] 234] 345) 1%) xo] 8 
134| 254/114] 246} 5%] 2 334} 11 134| 214] 844] 234| 3%) 1%] re] 9 
1%} 243)1196| 25%) 44] 244) 3%] 12 1%%| 2144) 9 | 8%) 3%%| 2%) 74/10 
2 Sie (b2 2% ji) 214| 414| 14 2 243| 9 38%] 354) 214%, Will 
214 | 33%, |1234| 238) 38) 24) 422] 17 214] 234] 914| 314] 475] 234) x5) 14 
214 | 336 |1234| 244] 42) 224) 484] 20 214 | 284] 914) 314] 445] 236 re 15 
234| 3.9; (1314) 234] 18] 234) 4% | 22 234| 3 |10 31K| 414] 254) 56/18 
214| 334|1314| 3ys| 35] 3 536) 25 2144| 3 |10 376| 414] 254) % be 
234|414|1414| 314] 48) 334) 534] 33 234| 314|1014| 434] 438] 276) 14/23 
214) 4 ys |14546| 31%) lez] 334] Gre | 36 27¢| 344|11 454| 534) 3¢%| 34) 27 
3 413/15 354| 145} 314) 634] 40 o 3BY\11 454| 53%| 3% “4 ae 
314|476|1534| 376) lv] 4 634| 50 314| 334)114| 5 538] 334) 18) 35 
314/514 |1614| 414] 1ge| 4 7344| 65 384|4 {12 534| 614] 35%) 1%) 40 
334|5546)17}4| 476) lve] 5 84%| 95 334| 414|1214| 534] 634) 374) 18/47 
Bk Ny NUS 454) 145| 5 834 | 108 4 416 \13 61% Tr5| 4%) 1 55 
y Vy y| 43411314| 614| 7146| 484] 1x5] 65 
#414 | 634|2134| 454| 154| Sas| 934/140 | 434] 494/134) 624) 794) 476) Lye 
#414| 634|2214| 514] 134| 614/1034|195 || 434) 5 [14 | 6% 71§| 434) Iie) 75 
*434'714/2314| 556| 2 6144/1114 |205 
5 716124 6 2141 6144111%'!250 
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RECESSED PIN NUTS 


CARNEGIE STEEL COMPANY 
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AMERICAN BRIDGE COMPANY STANDARD 


Distance between Nuts=Grii 


Distance between Shoulders 


To obtain distance between shoulders, add amount given in table to grip. 


Diameter of Pin, 
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RIVETS 


STRUCTURAL RIVETS 


AMERICAN BRIDGE COMPANY STANDARD 


Dimensions in Inches 


Ve» 


He---- 


wood 


Her 


1 
1 
bee 


MULAS FOR PROPORTIONS OF RIvETS, IN INCHES 


GENERAL For 


Zt 
% 


Full driven head, diameter, a=1.5 d + 


n= === === 


25a 


b=0.4 


depth, 


ae 


b 


Cc 


radius, 


“6 


1.5b 


€ 


radius, 


‘ 


f=0.5d 


Countersunk head, depth, 


diameter, g=1.577d 


“ee 


‘6 
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AMERICAN BRIDGE COMPANY STANDARD 


LeneruHs or Fiery Rivets ror Various Grips 
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I XR RAR MAK KN RAS A MSE Bk LOOMS We _orexswe 
3 FANAA ANAND CDCNCOH MH HHH HHIDINININIDID NOOOOOOO RERRERKO 
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AN KR RRR NX RA MS LE ASAT SE HEME! 
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RANK RAMEN XK MORRO MIRE LOY DSW Wee re 
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RIVETS 


STRUCTURAL RIVETS 


AMERICAN BRIDGE COMPANY STANDARD 


WricHt IN Pounps PER 100 Rivets wituy Burton Hraps 


Length Diameter of Rivet, Inches Length Diameter of Rivet, Inches 
Under Under 
Head, Head, 
Inches| % | | 5|94| % | 1 | 148] 144 |/Inches| 86 | 42) 98) 84 | %] 1 | 6] 1% 
| 
5 18/33 |53 | 78/109) 146/190] 252 
4% |18/34/54] 80/111] 149/193) 256 
\ 1% 6)12 Y%|19/}384/55|] 82)113)/152/197] 260 
3% @/\13 8 119/385 /56}] 83/115)155/ 200| 265 
Vv 7|13 | 23/35) 50) 68) 91/130 14g | 20/36 |57)| 85|118/157| 204] 269 
56 7 \14 | 24/36) 52) 71) 95/134 54 | 20/36 |58 |] 86/120] 160/207) 273 
34 8/15 | 25/387) 54) 74) 98/139 34 | 20/37 |60) 88/122)163)/ 211) 278 
% 8/15 | 26/39] 56) 77) 102/143 % |21/38 |61 |] 89/124) 166 214) 282 
2 9/16 | 27 |41| 58) 80)105)148]] 6 21/38 |62 | 91/126/169/ 218| 287 
Vy 9|17 | 28)43) 60) 82/109) 152 4g | 22/|39)63) 93/128] 171] 222) 291 
Yy% 9/18 | 29,44] 62) 85)112)156 Ye |22)40 |64]| 94/1380/174) 225] 295 
34 110/18 | 30/46; 64 88)116)161 % | 22/40|65)| 96|132|177| 229| 300 
¥% |10|19] 31/47) 67) 91)119)165] 14 | 23/41/66] 97/135] 180) 232] 304 
5% |11|20|/ 32/49) 69) 93 123] 169 5g | 23/42/67] 99] 137/182) 236| 308 
34 |11 | 20 | 34 |50 71; 96) 126/174 34 | 24/43 |68 | 100) 139) 185] 239] 313 
% }11/21)35)52| 73) 99)130)178 i% | 24/43 |69 |102/ 141] 188] 243) 317 
3 12 |22 | 36/54) 75|102)133)/182)| 7 24 |44 170 |104/ 143] 191] 246] 321 
Y |12|22 | 37 |55| 77/105 137/187 Y | 25/45 |71 |105| 145) 194] 250) 326 
VY 113/23 | 38|57) 79/107) 141/191 Vy | 25/45 |73 |107| 147/196) 253| 330 
8% |13)24/ 39/58} 81/110/144/195 3% | 26/46 |74 |108/ 149] 199) 257) 334 
¥ |13)24]40|60) 84/113 148) 200 4% | 26/47 |75 | 110) 152] 202) 260) 339 
54 |14/25|41|61} 86/116) 151/204 54 | 26 |47 |76 | 111] 154| 205) 264| 343 
34 |14/26 | 42/63! 88/118) 155) 208 3% | 27/48 |77 |113| 156] 207 | 267) 347 
% |15|27 | 43)64| 90/121 158/213 % | 27/49 |78 |114| 158) 210) 271) 352 
4 15 | 27 | 44/66) 92/124) 162) 217] 8 27 |50|79 |116| 160] 213] 274) 356 
¥ |15/28|45|68| 94/127) 165) 221 Y | 28/50 |80 | 118] 162] 216|278) 360 . 
Y% |}16/29/47)|69} 96)130)169 226 VY | 28/51 |81 |) 119) 164) 219] 281| 365 
&% |16/29/48]/71| 98/132) 172) 230 34 | 29/52 |82 | 121) 166) 221 | 285| 369 
¥% 16/30 | 49/72] 101/135) 176/234] 14 | 29/52 |83 |122| 169) 224) 288) 373 
5g |17|31 | 50/74) 103) 138) 179) 239 5g | 29/53 |84 |124)171) 227| 292) 378 
34 117/31 | 51)75) 105/141) 183 243 34% | 30/54 |86 | 125] 173) 230) 295) 382 
% |18/32 | 52 77 | 107) 143] 186) 247 im | 30/54 |87 |127)| 175) 232) 299) 386 
Diameter of Rivets, Inches 
eae % |) % | % | mM |% | 1 [1% [1% 
100 Heads as made on rivets, Pounds...] 2.4 | 5.0 | 9.7 | 16.0 | 24.0 | 35.0 | 49.0 | 78.0 
100 Heads as driven in work, Pounds...] 1.9 | 4.0 | 7.5 |12.5!18.5 | 27.0] 37.5 | 51.0 
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“CARNEGIE STEEL COMPANY 


AMERICAN BRIDGE COMPANY 


SPECIFICATIONS 


FOR 


STEEL STRUCTURES 


Destcn, Deraits oF CoNsTRUCTION AND WORKMANSHIP 


ApopTep 1912 


DESIGN 


1. Loads. The steel frame of all structures shall be designed 
80 as to safely support the dead and live loads. The dead load shall 
consist of the weight of all permanent construction and fixtures, 
such as walls, floors, roofs, interior partitions, and fixed or permanent 
appliances. The live load shall consist of movable loads on floors, 
loads due to machinery or other appliances, and the exterior loads 
due to snow on the roof and to wind. 


2. For structures carrying traveling machinery, such as cranes, 
conveyors, etc., 25 per cent shall be added to the stresses resulting 
from such live load, to provide for the effect of impact and 
vibrations. 


3. The wind pressure shall be assumed acting horizontally in 
any direction as follows:— - 


First: For finished structures—A pressure of 20 pounds per 
square foot on the sides and ends of buildings and on the vertical 
projection of roof surfaces, or 


Second: In process of construction—A pressure of 30 pounds 
per square foot on vertical surfaces and the vertical projection of 
inclined surfaces of all exposed metal or other frame work. 
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CONSTRUCTION SPECIFICATIONS 


4. Unit Stresses. All parts of structures shall be proportioned 
so that the sum of the dead and live loads, together with the 
impact, if any, shall not cause the stresses to exceed the following 
amounts in pounds per square inch: 


Tension, net section, rolled steel.......................16000 
Direet compression, rolled steel and steel castings....... 16000 
Bending, on extreme fibers of rolled shapes, 

built ‘sections, girders, and steel castings..............16000 
Bending on extreme fibers of pins......................24000 
Dlean OnEshopenl yeus ands OlnSen ac eel ae aon ee 2000 
fSyotevaue Copal loxauliyst ehovel smelkel wakWeIssne pen coo na oo ss nca geo oo MOON 
Shear—average—on webs of plate girders and 

OMe! locas, ROSS) SOOM, oaagane seamaceentasens oOo 
Bearing pressure on shop rivets and pins...............24000, 
BearinecombolissancanelduriviGugawm atte pein een 20000 


Pressure per linear inch on expansion rollers shall not exceed 
600 times the diameter of rollers in inches. 
Axial compression of gross sections of columns, for 
MAMOLOT H/T UO. LAME. armen nee ae een 19000—100 l/r 
with a maximum of.. ces AOR Sexe ee NE LOOO) 
where /effective Saeie of moore: in inehes 
r—=corresponding radius of gyration of section in inches. 


For ratios of J/r up to 120, and for greater ratios up to 200, use 
the amounts given in the following table. For intermediate ratios, 
use proportional amounts. 


Ratio Amount Ratio Amount 
60 13000 130 6500 
70 12000 140 6000 
80 11000 150 5500 
90 10000 160 5000 

100 9000 170 500 
110 8000 180 4000 
120 7000 190 38500 


5. For bracing and combined stresses due to wind and other 
loading, the permissible working stresses may be increased 25 per 
a= tried the section thus found is not less than that required 
by the dead and live loads alone. 
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PROPORTION OF PARTS 


6. General. The effective or unsupported length of main 
compression members shall not exceed 120 times, and for secondary 
members 200 times, the least radius of gyration. 

7. In proportioning columns, provision must be made for 
eccentric loading. 

8. In proportioning tension members, net section must be used. 
Rivet holes deducted must be taken 14 inch larger than the nominal 
size of rivets. 


9. Members subject to the action of both axial and bending 
stresses shall be proportioned so that the greatest fiber stress will 
not exceed the allowed limits in that member. 

10. Members subject to alternate stresses of tension and 
compression shall be proportioned for the stress giving the largest 
section, but their connections shall be proportioned for the sum of 
the stresses. 

11. Girders. Rolled beams and channels, and built-up members 
used as beams and girders shall be proportioned by the moment 
of inertia of their gross sections. 

12. Plate girder webs shall have a thickness not less than Yeo 
of the unsupported distance between flange angles. The webs 
shall have stiffeners, generally in pairs, over bearings, at points of 
concentrated loading, and at other points where the thickness of 
the web is less than %o of the unsupported distance between 
flange angles, generally not farther apart than the depth of the web 
plate, with a maximum limit of 6 feet. 


13. The lateral unsupported length of beams and girders shall 
not exceed 40 times the width of the compression flange. When the 
unsupported length (/) exceeds 10 times the width (b) of the 
compression flange, the stress per square inch in the compression 
flange shall not exceed 19000—300 l/b. 


DETAILS OF STEEL CONSTRUCTION 


14. General. Adjustable members in any part of structures shall 
preferably be avoided. 


15. Sections shall preferably be made symmetrical. 


16. Noconnection, except lattice bars, shall have less than two rivets. 
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CONSTRUCTION SPECIFICATIONS 


17. Trusses shall preferably be riveted structures. Heavy 
trusses of long span, where the riveted field connections would 
become unwieldy, or for other good reasons, may be designed as 
pin-connected structures. 

18. Abutting joint in compression members faced for bearing 
shall be spliced sufficiently to hold the connecting members accu- 
rately in place. All other joints in riveted work, whether in tension 
or compression, shall be fully spliced. 


19. Lateral, longitudinal and transverse bracing in all structures 
shall preferably be composed of rigid members, and shall be designed 
to be sufficient to withstand wind and other lateral forces when 
building is in process of erection as well as after completion. 

| 


20. Girders. When two or more rolled beams are used to form a 
girder, they shall be connected by bolts and separators at intervals 
of not more than 5 feet. All beams having a depth of 12 inches and 
more shall have at least two bolts to each separator. 


21. The flange plates of all girders shall be limited in width, so 
as not to extend more than 6 inches beyond the outer line of rivets | 
connecting them to the angles, or 8 times the thickness of the 
thinnest plate. 

22. Web stiffeners shall be in pairs, and shall have a close bearing 
against the flange angles. Those over the end bearing or forming 
the connection between girder and column shall be on fillers. 
Intermediate stiffeners may be on fillers or crimped over the flange 
angles. 

23. Web plates of girders must be spliced at all points by a 
plate on each side of the web, capable of transmitting the full stress 
through splice rivets. 

24. Riveting. The minimum distance between centers of rivet 
holes shall be three diameters of the rivet; but the distance shall | 
preferably be not less than 3 inches for 7%-inch rivets, 214 inches 
for 34-inch rivets, 2 inches for 5g-inch rivets, and 134 inches for 
¥-inch rivets. The maximum pitch in the line of the stress for 
members composed of plates and shapes will be 6 inches for 7-inch 
rivets, 6 inches for 34-inch rivets, 4Vé inches for 5-inch rivets and 
4 inches for %-inch rivets. 

25. For angles in built sections with two gage lines, with rivets 
staggered, the maximum pitch in each line shall be twice as great 
as given above. Where two or more plates are in contact, rivets 
not more than 12 inches apart in either direction shall be used to 
hold the plates together. 


CARNEGIE STEEL COMPANY 


26. The minimum distance from the center of any rivet hole 
to a sheared edge shall be 11% inches for 7-inch rivets, 114 inches 
for 34-inch rivets, 14% inches for 3%-inch rivets, and 1 inch for 
Y-inch rivets; and to a rolled edge, 1144, 1%, 1, and % inches, 
respectively. 


27. The maximum distance from any edge shall be eight times 
the thickness of the plate. 


28. The pitch of rivets at the ends of built compression members 
shall not exceed four diameters of the rivets for a length equal to 
one and one-half times the maximum width of the member. 


29. Latticing. The open sides of compression members shall be 
provided with lattice bars, having tie plates at each end and at 
intermediate points where the lattice is interrupted. The tie 
plates shall be as near the ends as practicable. In main members 
carrying calculated stresses, the end tie plates shall have a length 
not less than the distance between the lines of rivets connecting 
them to the flanges, and intermediate ones not less than half 
this distance. Their thickness shall not be less than %o of the 
same distance. 


30. The latticing of compression members shall be proportioned 
to resist a shearing stress equal to 2 per cent of the direct stress. 
The minimum thickness of lattice bars shall be for single lattice, 
%o, and for double lattice, %o of the distance between the end 
rivets. Their minimum width shall be as follows: 


For 15-inch channels, or 
built sections with 314 and 4-inch angles, 214 inches (%-inch rivets). 
For 12-10-and 9-inch channels, or 
built sections with 3-inch angles....... 214 inches (34-inch rivets). 
For 8-and 7-inch channels, or 
built sections with 214-inch angles 
For 6-and 5-inch channels, or 
built sections with 2-inch angles....... 134 inches (14-inch rivets). 


ae ae 2 inches (53-inch rivets). 


31. The inclination of lattice bars with the axis of the member 
shall generally be not less than 45 degrees. When the distance 
between the rivet lines in the flanges is more than 15 inches, if a 
single rivet bar is used, the lattice shall be double. 


32. The pitch of lattice connections, along the flange, divided 
by the least radius of gyration of the member between connections, 
shall be less than the corresponding ratio of the member as a whole. 
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38. Pins. Pin holes shall be reinforced by plates where necessary. 
At least one plate shall be as wide as the projecting flanges will 
allow; where angles are used, this plate shall be on the same side as 
the angles. The plates shall contain sufficient rivets to distribute 
their portion of the pin pressure to the full cross section of the 
member. 


34 Pins shall be long enough to insure a full bearing of all parts 
connected upon the turned-down body of the pin. Members 
packed on pins shall be held against lateral movement. 


WORKMANSHIP 


35. General. The workmanship shall be equal to the best 
practice in modern structural works. Shearing shall be done 
accurately, and all portions of the work exposed to view shall be 
neatly finished. 


36. Punching. The diameter of the punch shall not be more 
than %.6 inch, nor that of the die more than )% inch, larger than 
the diameter of the rivet. Punching shall be done accurately, but 
an occasional slight inaccuracy in the matching of holes may be 
corrected with reamer. Drifting to enlarge unfair holes will not 
be allowed. 


37. Riveting. The size of rivets shall be as called for on the 
plans. Rivets shall be driven by pressure tools wherever possible. 
Pneumatic hammers shall be used in preference to hand driving. 
Rivets shall look neat and finished, with heads of approved shape, 
full and of equal size. They shall be centered on the shank and 
shall grip the assembled pieces firmly. 


38. Assembling. Riveted members shall have all parts well 
pinned up and firmly drawn together with bolts before riveting 
is commenced. Contact surfaces shall be painted. Abutting 
joints shall be cut or dressed true and straight and fitted closely 
together. In compression joints depending on contact bearing, the 
surfaces shall be truly faced, so as to-have even bearing after they 
are riveted up complete and when perfectly aligned. The several 
pieces forming one built member shall be straight and shall fit 
closely together, and finished members shall be free from twists, 


bends or open joints. 
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39. Eye Bars. Eye bars shall be straight and true to size, and 
shall be free from twists, folds in the neck or head, or any other 
defect. Heads shall be made by upsetting, rolling or forging. 
Welding will not be allowed. Before boring, each eye bar shall be 
perfectly annealed and carefully straightened. Pin holes shall be 
in the center line of bars and in the center of heads. Bars of the 
same length shall be bored so accurately that, when placed 
together, pins ¥%2 inch smaller in diameter than the pin holes can 
be passed through the holes at both ends of the bars at the same 
time. 


40. Pins. Pins and rollers shall be turned accurately to gages, 
and shall be straight, smooth and entirely free from flaws. Pin holes 
shall be bored true to gages, smooth and straight, at right angles 
to the axis of the member and parallel to each other, unless other- 
wise called for. Wherever possible, the boring shall be done after 
the member is riveted up. The distance from center to center of 
pin holes shall be correct within M4. inch, and the diameter of the 
hole not more than %o inch larger than that of the pin for pins 
up to 5 inches diameter, and 42 inch for larger pins. 


41. Bed Plates. Expansion bed plates shall be planed true and 
smooth. The cut of the planing tool shall correspond with the 
direction of expansion. 

42. Annealing. Steel, except in minor details, which has been 
partially heated, shall be properly annealed. Welds in steel will 
not be allowed. All steel castings shall be annealed. 


43. Painting. Steel work, before leaving the shop, shall be 
thoroughly cleaned and given one good coating of such paint as 
may be called for, well worked into all joints and open spaces. 


44. In riveted work, the surfaces coming in contact shall be 
painted before being riveted together. 


45. Machine-finished bearing surfaces coming in contact with 


similar surfaces should be coated with white lead and tallow before 
shipment. 


46. Inspection. The manufacturer shall furnish all facilities for 
inspecting and testing the weight, quality of material and work- 
manship. He shall furnish a suitable testing machine for testing 


the specimens, as well as prepare the pieces for the machine free of 
charge. 


47. He shall give the inspector for the purchaser free access 


to all parts of the works where the material under inspection is 
manufactured. 
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ELEMENTS OF SECTIONS 


DEFINITIONS 


In the computations of structural designing, certain mathematical 
expressions are used to designate the values of structural shapes in 
the various conditions under which they are subjected to stress. 
In the pages which immediately follow, these values, usually called 
properties, are given in United States measurements for shapes 
common in structural designs, and are defined as follows:— 

A—Area of Section, expressed in square inches. 

r—Radius of Gyration. The distance in inches from the center of 
moments of a section to the point or line at which its area is consid- 
ered concentrated. The radius of gyration of a section referred 
to any axis is always the square root of the moment of inertia 
of the section referred to that axis divided by the area. 

I—Moment of Inertia. The summation, expressed in inches to the 
fourth power, of the products of the elementary areas of a section 
by the squares of their distances from its center of gravity or 
other axis assumed for purposes of computation. 

S—Section Modulus. The moment of inertia divided by the distance 
(n) from the axis of moments to the extreme fiber. In an unsym- 
metrical section there are two section moduli for each axis of 
moments, the least of which determines the safe unit stress. 

Neutral Axis. Axis of moments through center of area. 

x andy. The distance or distances in an unsymmetrical section 
from the back or working line of the section to the center of gravity 
of the section. 


The section modulus is used to determine the stress in the extreme 
fiber of a shape subject to bending by dividing the bending moment 
by the section modulus, both expressed in like units of measurement. 
It is also used vice versa in the selection from a table of shapes of 
the proper section required to support a load by dividing the bend- 
ing stress by the allowable fiber stress, both in like units of weight. 


The radius of gyration is used to ascertain the safe load any 
section or shape will sustain when used in compression as a strut 
or column. The unbraced length of the section divided by the 
radius of gyration is denominated the ratio of slenderness. 


The elements of steel sections are based upon the theoretical 
dimensions given in the pages which precede. No account has been 
taken of fillets or rounded corners, neither have any approximations 
entered into any of the calculations. 
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TRIANGLE a ee bd 
Axis of moments through = 
center of gravity 2a d 
alge an ee a a) 
_ bas 
Spe d2 
1f}— 1 | 81-1= 97 
xy 1 
: =) f _o 235702d 
H : Ti-1= Jig — 0. 
are ee = vis 
TRIANGLE ba 
Axis of moments onbase A — SS 
t bds 
d ha= “73 
i baz 
(0 Sia 
eon d 
Lae ee T1-1=> V6. = 0.408248d 
TRAPEZOID A = &(b+b1) 
Axis of moments through ~ —_ 2 
center of gravity os d(by + 2b) ex d (b + 2by) 
ae ae 3(b + Bi) #1 SEXb eB 
roe d8 (b? + 4 bby + bj2) 
UE 36 (b + bi) 
8,7 G2 (b2 + 4 bb: + bi2) 
at 12 (bi + 2b) 
es Eas (b? + 4 bb; + bz2) 
TRAPEZOID A d (b + by) 
Axis of moments on base “+ — 2 
sbie So ad 
1 . 8 
(aes -4 ee d ®+3bi) 
. 5 2 
- d Chase d 3 bi) 
H il Gl 
Seis oS= b +3 by, 
[ sae esas V 6 b + by 
REGULAR POLYGON 
Axis of moments through 
center n = Number of Sides 
A = i na? cot¢=% nR2 sin 2 $ = nR;2 tand 
: ae _ ees) 
zi R= sng “=2i =pyag 
A 292 24 92 
Tas CR a2) aie A G2 + a2) 
_ A(6R2—a2) A(12Ri2 + a2) 
RS oa ad 48Ry 
‘ Trias V6 Rea = py, 12 Ri? + a2 
ao2 \(RER2 © 24 es Ne 
ee a 


168 


ELEMENTS OF SECTIONS 


CIRCLE IN Sr = 0.785398 d2 
Axis of moments a d 
through center Om 
een ; 
1 Tia= % — 0.049087 ae 
d 3 
if Me Bie a = 0.098175 d8 
i ' 
(aN eee $  Mya= = 
(d2-d12 
HOLLOW CIRCLE 4 = ~a—— ? = 0.785398 (@2-d,2) 
Axis of moments wr “ids 
through center 2S = 
4 4 4 
lia= 2h = 0.049087 (d+—d;4) 
13 (d4—dy4) (dt—d;4) 
Sia= -—g5q 0.098175 
_ V@erdz 
ft) ae 
md’ _ 0.392699 a2 
HALF CIRCLE A = —g- = 0.892 = 
Axis of ts through ie 
ca eS os 4) = 0,287793d, x1 ash. —0.212207d 
dé Ora = 0.006860 dé 
ve ay = 0.023836 ds 
ead ak eee ud hoi e8)) = onsziesd 
i 129 
P= dae 
moto A = TPeh") = 0.392699 (a2-di2) 
HALF CIRCLE 2 (as—d43) 3m d (d2—-d,2)-4 (d8—d;8) 
Axis of moments through X = 37 (d2—d12) xy S 6 m (d2—d12) 

ce cere 9 m2 (dt—dy4) (d2-d)2)-64_(d9—di 8)? 

xy Fa 1152 7 (d2-di2) 

ce 7 aI e 2 re : 

Y -| --#.-.4 baat §1.1= x i eS xq 81.1= X41 Tie x 
ae aaa 1 9 #2 (dt—dy4) (d2—dy2)—64 (G8—di?)2 
ee, ee =i— 2 (d2—d12)2 
ELLIPSE He 

Axis of moments Nt 4 1. = 0.785398 dd 

through center A 
a ey oh 
ee: 2 
h aw d3 di 
4 = 0.049087 d? d 
i Sen 3 7 0.04908 1 
Ripe. a - 1 — 0,098175 d? dy 
y d 
Titel eis 


169 


CARNEGIE STEEL COMPANY 


BEAM 


dt + 2a(m+n) 


bats aay (ote 
12 


— 
i 
1 


m—n 
4a 
12 


2nb8+et8+ (b4-t4) 


eee ers 


' 


CHANNEL 


dt + a (m+n) 


ben + e+ amen) (b+2t) 


A 


a 
bds— 3 mony 
12 


“a 


2nbs+et3+ TB (patsy 


28 
= at 


t(d+2a) 
d 


2 
2b-t 


yY = 2 

Tan 2a= (dt—t2) (b2-bt 
1-1-lo-2 

bd3—a(d—2t)3 
12 


d(b+a)38—2a8c-6ab2e 
12 


I,-2 cos2a—I,-1sin2a 
SS ee ee 


ee cos 2a 
gee al 
tet ——-p-—--- a! Ij-1 cos?a—Io-2 sin2a 


2 cos 2a 


ca] 


lia = 


ct be —~-=------g-—-- == 


170 


ELEMENTS OF 


SECTIONS 


EQUAL ANGLE 


2 
rye EA — (gC) 
Dehua tein Lan ae ae = eb? src 
t z ~ PRR) 
i y = Se 
mK ee en 
4 
—x)3 pied ate. 
Pee tas, ED) a a (x-t) 
Ds a 
x ey. | To-2 = eee 
i, ot __ et +e8t-+3et(b—4x+2t)2-+t4+6t2(2x-t)2 
' ay oS aaa ee 
oe ty ein 1 
a ae en gas nae le, = Ctehett+3etbe+ te 
te----}----b=d----->! ae T2 
2 
UNEQUAL ANGLE 
A = t(b-+c) 
e — tbs 2c) =e? 
ES eae eae AE wo at 2(b+c) 
a _ t(2a+d)+a2 
ieee = 2(a+d) 
Lf t[(2y—t)d (d—2x) + a(2x—t) (b+t—-2y)] 
¢ d Oe 2(11-1-le2-2) 
<4 a —x)3 3-9,(x—-t)3 
\' we i en Re t(d—x) ue a(x—t) 
i -—1-] ; 
ia t(b-y)8-+dy%-c(y-t)8 
\ i 1 Io-2 = as ea 
S ty __ Ie-ecos2a—Ty-1sin2a 
\ tae Ta-3 cos 2a 
Cop ese \ Ae 
t oa ee eee __ I1-1c0s2a—Io-2sin?a 
ee Seats Ty-4 = cos 2a 
2 —- 
TEE 
e 
link ane b-7----=-- =<) 
ar hae ge rat ant) 
1 “a 
eee ees 6an2+ 2a(m—n) (m-++2n) +3td2—e(t—u) (3d—e) 
PEIN MI a ere a |) VaR aria 
i} 
ati as: 
a a 2 
i) 
8(3u+t) +4bm3—2a(m-n)3 - 
4 . Te = nh A(x)? 
! i 
H } nb3 + (m—n)t + eu 
' fy Ay ae sE 2 
1 
\ { a(m—n)[2a2+ (2a+-3t)?] 
el ae 
yal aaamea rae 4 e(t—u)[(t—u)2 +2(t+ 2u)2] 
144 


171 


CARNEGIE STEEL COMPANY 


COMPOUND SECTIONS 


Moments or Inertia, Section Mopvtt, anp Rapil oF GYRATION 


The moment of inertia of a compound section abouti ts neutral axis is equal to the sum of 
the moment of inertia, I, of the component parts about axes through their own centers of gravity, 
plus the areas A, of the component parts multiplied by the squares of the distances d, of their 
own centers of gravity from the neutral axis of the compound section, or 


25 28” Moment of Inertia [1 = I+Ad2 
$--7.00 31-8 | i 
<=. FP Section Modulus si = = 
s! he 3 J h [ial 
2 % 8 Radius of Gyration rl = ren 
= 5 Exampte 1. Required the moments of inertia and the 
lee | section moduli about axes 1-1 and 2-2 of a compound 
‘Yo + +—,~._ section to be used as a girder, composed of 
rigs od 1 Web Plate —33/’x14'” 
' 12 4 Flange Angles  6/’x4//x54/7 
rk & 2 Flange Plates 14/’x34”” 
roy 5 basing the properties on the gross area of the section. 
hes a Determine the distances, of the center lines of gravity of 


plates and angles, from the neutral axes of the compound 

section, from the dimensions given, then for 

AXIS 1-1 I,-; of 4-6’’x4//x5¢’" Angles = 4x 7.52 30.08 Inches 4 
Ad? of 4-6’’x4//x5¢/7 a 


=4x 5.86x15.722 5792.46“ 

Tn-1 of 1-837'x}4” Plate = 1x 50x 83° 1497.38 
753 “ 

Tapio eaasg i EE = ee 

Ad? of 2-14/’x3¢’” o = 2x 10.50x17.1252 = 6158.58 “ 


Moment of Inertia, gross section 


Section Modulus, 2 


Tg-2 of 46’’x4/’x5¢” Angles 
Ad? of 4-6’’x4/x5¢’” x 


Ig-2 of 1-33/’x14’’ Plate 


AXIS 2-2 


13479.48 Tnches + 


«— _13479.48 | 770.26 Inches 3 


Ig-2 of 2-14/’x34"" = «§ 


Moment of Inertia, gross section 


Section Modulus, e 
If it is desired to 


calculate the properties of the net section, 
| holes, proceed as follows, assuming that 74” holes for 34/ 
than one rivet will be driven in 


17.50 
—4x 21.07 = 84.28 Inches 4 
=4r Pe Eee = 121.85 os 
aoe 2x5) =" ae 
ae a = 343.00 “ 
549.47 Inches 4 
6s = Al = 78.50 Inches $ 


viz., to deduct the area of the rivet 


‘rivets are to be deducted and that not more 
any one leg of the angles in the same plane of the section. 


AXIS 1-1 11-4 of gross section = 13479.48 Inches 4 
QF EIOy OE LID __0.875x1.3758 
Deduct T1-1 of 4-0.875/’x1.375 Rectangles= 4 pa = OPZGie ae 
a Ad? of 4-0.875/’x1.375/" “s = 4% 1.203x16,81252 = 1360.16 rf 
“ Ths of 2-0.875"x1.75” “ <9 xt S75 gy 
s Ad? of 2-0.875/’x1.75/ ts = —-2xI531x14252 = 62177 
Moment of Inertia, net section 11496.59 Inches 4 
: ts PP 11496.59 
Section Modulus, 17.50 = 656.95 Inches 8 
AXIS 2-2 Is-» of gross section 549.47 Incheg 4 
Deduct 


To-» of 4-0.875/’x1.375/7 Rectangles =4 x+315x0.8755 


= Ost « 

Ad? of 4-0.875/’x1.375/" re =4 x 1.203x3.752 = 67.67 s 

eel aiiae iis ere STEELS ERO 9 
Moment of Inertia, net section 480.71 Inches 4 
Section Modulus, By c= et = 68.67 Inches & 
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| COMPOUND SECTIONS—Concluded 


Exampte 2. Required the moments of inertia and radii of 
[EOI 14----5 gqga- gyration about axes 1-1 and 2-2 of a column section composed 
as follows :— 


2 Channels 12’’x30 pounds per foot, 
2 Flange Plates 14’’x 34’, 


seh a properties to be based on the gross section, no deduction 
being made for holes. 


eT} 


n 


Determine the distances, d, of center lines of gravity for 
the various sections from the neutral axes 1-1 and 2-2, in 
accordance with the dimensions given, then for 


Peete 


AXIS 1-1 Iy4 of 2-12’? Channels30lbs.= 2x 161.65 = 323.30 Inches + 
Ina of 214734" Plates = 2x 24207 _ ggg « 
Ad2 of 2-14’’x34”"* = 2x 10.5 x 6.38752 = 853.45 Me 
Moment of Inertia, gross section 1177.73 Inches + 


I 


Oe en ena 
Radius of Gyration, = 38.64 


AXIS 2-2 Ie-2 of 2-12’ Channels30lbs.= 2x 5.22 = 10.44 Inches 4 
Ad2 of 2-12’’ Channels 30lbs.= 2x 8.82x 4.1642 = 305.86 “ 


5.52 Inches 


Ing of 2-14’34" Plates = 95 O75xI _ gy3g  « 
Moment of Inertia, gross section _ 659.30 Inches 4 
“ 659.30 
Radius of Gyration, “ —— Ve = 4.13 Inches 
2) Ll Examen 3. Required the radii of gyration about axes 1-1 
= = 0.9477 and 2-2 of a strut section composed as follows :— 
“ NS 4-6/’x4/’x 84’" Angles latticed by %46’’ bars, 
6 | properties to be based on the gross section of angles, no deduc- 
| \-——---;-—-——--*] tions being made for rivet holes nor any allowance for lattice bars. 
Determine the distances, d, of center lines of gravity of angles 
from neutral axes 1-1 and 2-2 in accordance with the dimensions 
\ given, then for 
2 
AXIS 1-1 11 of 46/x4’’x3<” Angles= 4 x 4.90 = 19.60 Inches 4 
Ad2 of 4-6/x4/’x3¢’" = 4x3.61x5.062 = 369.72 a 
Moment of Inertia, gross section 389.32 Inches 
5 A 389.32 
Radius of Gyration, “ a SE an a 5.19 Inches 


AXIS 2-2 From tables of radii of gyration for 2 angles placed back to back 
page 202, axis 2-2, 54’’ apart, ra-2 of 4-6/’x4/’x 34”" angles= 2.97 Inches. 
Where sections are assembled without any web or flange plates, as, for example, latticed 
channel columns or latticed angle struts, the radius of gyration, ry-1 can be readily obtained, 
without considering the moment of inertia, from the radius of gyration, r, of one section about 
its neutral axis, and the distance, d, between the center of gravity of the section and the 
neutral axis parallel to the axis of section. 


I a I 
mM3a= a , where = r2, and rj-4 =) r2+d2 


Thus, in the above example, 
Ma= 4 1.172-+5.062 = 5.19 Inches 
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ELEMENTS OF STRUCTURAL BEAMS 


1—- =1i 
12 
Depth | Weight | A°€®| Width | Thick- Axis 1-1 Axis 2-2 
Section! ,, of Bee Sec- S no 

Index | Beam | Foot a8 Flange | Web I < Ss Teles g 
In. Lbs. | In.2 In. In In In. In3 | In4 | In. | Ins 
Bie)! 27 90.0 |26.33) 9.000 | 0.524 | 2958.3 | 10.60 219.1 | 75. 3) 1.69 | 16.7 
115.0 |33.98| 8.000 | 0.750 | 2955.5! 9.33 246.3 | 83.2] 1.57 | 20.8 

B24 |) 24 110.0 |32.48) 7.938 | 0.688 | 2883.5] 9.42 240.3 | 81.0] 1.58 | 20.4 
7 105.0 |30.98) 7.875 | 0.625 | 2811.5 9.53 | 234.3 | 78.9 1.60 | 20.0 

100.0 |29,41| 7.254 | 0.754 | 2379.6 9.00 | 198.3 | 48.6] 1.28 | 13.4 

95.0 |27.94| 7.193 | 0.693 | 2309.0 9.09 | 192.4] 47.1] 1.30] 13.1 

B 1 24 90.0 |26.47| 7.131 | 0.631 | 2238.4 9.20 | 186.5 | 45.7 | 1.31 | 12.8 
85.0 [25.00] 7.070 | 0.570 | 2167.8 9.31 | 180.7 | 44.4] 1.33] 12.6 

80.0 |23.32] 7.000 | 0.500 | 2087.2 9.46 | 173.9 | 42.9 | 1.36 | 12.3 

B62| 24 74.0 |21.70) 9.000 | 0.476 | 1950.1} 9.48 | 162.5 | 61.2 1.68 | 13.6 
B63] 21 60.5 |17.68) 8.250 | 0.428 | 1235.5 8.36 | 117.7 | 43.5 | 1.57] 10.6 
100.0 29.41] 7.284 | 0.884 | 1655.6 7.50 | 165-6 | 52.7] 1.34] 14.5 

95.0 [27.94] 7.210 | 0.810 | 1606.6 7.58 | 160.7 | 50.8 | 1.35] 14.1 

B32 20 90.0 |26.47| 7.137 | 0.737 1557.6| 7.67] 155.8 | 49.0 1:36)| baz 
85.0 |25.00| 7.063 | 0.663 1508.5| 7.77/ 150.9 | 47.3 1.37 | 13.4 

80.0 |23.73| 7.000 | 0.600 1466.3] 7.86 | 146.6 | 45.8 1.39 | 13.1 
75.0 |22.06| 6.399 | 0.649 1268.8} 7.58 | 126.9 | 30.3 1 Beg ga) <8) 155 
Bus 20 70.0 |20.59] 6.325 | 0.575 1219.8] 7.70] 123.0] 29.0 1.19} 9.2 
65.0 |19.08) 6.250 | 0.500 1169.5] 7.83] 117.0 | 27.9 1.21] 8.9 

90.0 |26.47| 7.245 | 0.807 1260.4! 6.90| 140.0] 52.0 1.40 | 14.4 
BRL 18 85.0 25.00} 7.163 | 0.725 | 1220.7 6.99 | 135.6 | 50.0] 1.421 14.0 
80.0 |23.53] 7.082 | 0.644 1181.0] 7.09) 131.2) 48.1 1.43 | 13.6 
75.0 |22.05] 7.000 | 0.562 1141.3] 7.19] 126.8 | 46.2 1.45 | 13.2 
70.0 |20.59] 6.259 | 0.719 921.2] 6.69] 102.4 24.6/1.09| 7.9 
B80 18 65.0 |19.12] 6.177 | 0.637 881.5] 6.79| 97.9 23.5)1.11] 7.6 
60.0 |17.65] 6.095 | 0.555 841.8} 6.91] 93.5 | 22.4 SL dees: 
55.0 /15.93) 6.000 | 0.460 795.6| 7.07| 88.4|21.2 Eton) “ged 
B 64 18 48.0 |14.08| 7.500 | 0.380 737.1] 7.23] 81.9 30.0} 1.46] 8.0 
75.0 [22.06] 6.292 | 0.882] 691.2| 5.60| 92.2|30.7/1.18| 9.8 
B 5 1S 70.0 |20.59] 6.194 | 0.784 663.7| 5.68] 88.5 29.0/1.19| 9.4 
‘ 65.0 |19.12) 6.096 | 0.686 636.1] 5.77] 84.8 27.4/1.20! 9.0 
60.0 |17.67| 6.000 | 0.590 609.0] 5.87] 81.2 26.01.21) 8:7 
55.0 |16.18] 5.746 | 0.656 511.0} 5.62] 68.1 17.1| 1.02] 5.9 
BZ 15 50.0 |14.71) 5.648 | 0.558 483.4| 5.73) 64.5 16.0) 1.04] 5.7 
45.0 |13.24| 5.550 | 0.460 455.9! 5.87] 60.8 RSS A Oa See 
42.0 12.48] 5.500 | 0.410 441.8] 5.95] 58.9 14.6/1.08] 5.3 
B65} 15 37.5 |10.91] 6.750 | 0.332 | 405.5 6.10 19.9|1.35| 5.9 
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ELEMENTS OF STRUCTURAL BEAMS—Concluded 


Goes A pes 
12 
a Weight ae Uece Axis 1-1 Axis 2-2 
Section] p ° ues Sec- e Reh) 
Tradex Beam | Foot Hon Flange | Web I é 5 I S 5 
In. Lbs. | In? In. In. in In. Tne) Ine | ins |) in. 8 
55.0 |16.18| 5.611 | 0.821 | 321.0 | 4.45 | 53.5 |17.5 | 1.04) 6.2 
B sl 12 50.0 |14.71| 5.489 | 0.699 | 303.4 | 4.54 | 50.6 |16.1 | 1.05) 5.9 
45.0 |13.24| 5.366 | 0.576 | 285.7 | 4.65 | 47.6 |14.9 | 1.06 |5.6 
40.0 |11.84| 5.250 | 0.460 | 269.0 | 4.77 | 44.8 |13.8 | 1.08/ 5.3 
Bol 12 35.0 |10.29| 5.086 | 0.436 | 228.3 | 4.71 | 38.0 |10.1 | 0.99 | 4.0 
31.5 | 9.26] 5.000 | 0.350) 215.8 | 4.83 | 36.0 | 9.5 | 1.01) 3.8 
B66] 12 28.0 | 8.15] 6.000 | 0.284] 199.4 | 4.95 | 33.2 ]12.6 | 1.24 | 4.2 
40.0, |11.76| 5.099 | 0.749 | 158.7 | 3.67 | 31.7 | 9.5 | 0.90) 3.7 
Bi1| 10 35.0 110.29] 4.952 | 0.602 | 146.4 | 3.77 | 29.3 | 8.5 | 0.91) 3.4 
30.0 | 8.82) 4.805 | 0.455 | 134.2 | 3.90 | 26.8 | 7.7 | 0.93 | 3.2 
95.0 | 7.37| 4.660 | 0.310] 122.1 | 4.07 | 24.4 | 6.9 | 0.97) 3.0 
B67] 10 22.25| 6.54| 5.500 | 0.252 | 113.6 | 4.17 | 22.7 | 9.0 | 1.17) 3.3 
35.0 |10.29| 4.772 | 0.732 | 111.8 | 3.29 | 24.8 | 7.3 | 0.84) 3.1 
B13 g | 30.0 | 8.82) 4.609 0.569! 101.9 | 3.40 | 22.6 | 6.4 | 0.85 | 2.8 
25.0 | 7.35| 4.446|0.406] 91.9 | 3.54 | 20.4 | 5.7 | 0.88) 2.5 
21.0 | 6.31] 4.330|0.290| 84.9 | 3.67 | 18.9 | 5.2 | 0.90) 2.4 
25.5 | 7.50| 4.271|0.541| 68.4 | 3.02 | 17.1 | 4.8 | 0.80 | 2.2 
B15 8 23.0 | 6.76 4.179 | 0.449] 64.5 | 3.09 | 16.1 | 4.4 | 0.81 | 2.1 
20.5 | 6.03] 4.087 |0.357| 60.6 | 3.17 |] 15.2 | 4.1 | 0.82) 2.0 
13.0 | 5.33/ 4.000 |0.270] 56.9 | 3.27 | 14.2 | 3.8 | 0.84] 1.9 
B 68 8 17.5 | 5.12] 5.000 |0.220) 58.4 | 3.38 | 14.6 | 6.2 | 1.10} 2.5 
20.0 | 5.88| 3.868 |0.458] 42.2 | 2.68 | 12.1 | 3.2 |0.74) 1.7 
B17 7 17.5 | 5.15| 3.763 |0.353| 39.2 | 2.76 | 11.2 | 2.9 |0.76)1.6 
15.0 | 4.42] 3.660)0.250| 36.2 | 2.86 | 10.4 | 2.7 |0.78/ 1.5 
17.25| 5.07| 3.575 |0.475| 26.2 , 2.27| 87 | 2.4 |0.68)1.3 
B19 6 14.75| 4.34] 3.452 |0.352| 24.0 | 2.35 | 8.0 | 2.1 | 0.69) 1.2 
12.25| 3.61] 3.330 | 0.230] 21.8 | 2.46) 7.3 | 1.9 | 0.72) 1.1 
14.75| 4.34] 3.294/0.504| 15.2 | 1.87 | 6.1 | 1.7 | 0.63) 1.0 
B21 5 12.25| 3.60| 3.147 |0.357| 13.6] 1.94] 5.5 | 1.5 | 0.63 | 0.92 
9.75| 2.87 3.000| 0.210] 12.1 | 2.05 | 4.8 | 1.2 | 0.65) 0.82 
10.5 | 3.09) 2.880 | 0.410 71 | 1.52 | 3.6 | 1.0 | 0.57)| 0.70 
9.5 | 2.79| 2.807 | 0.337 6.8 | 1.55 | 3.4 | 0.93] 0.58 | 0.66 
B 23 a 8.5 | 2.50| 2.733 | 0.263 6.4 | 1.59 3.2 | 0.85] 0.58 | 0.62 
7.5 | 2.21] 2.660 | 0.190 6.0 | 1.64 | 3.0 | 0.77/ 0.59 | 0.58 
7.5 | 2.21) 2.521 | 0.361 2.9] 1.15 | 1.9 | 0.60) 0.52 | 0.48 
B77 3 6.5 | 1.91| 2.423 | 0.263 D7 W190 8) Or53)0.52) 10.44 
5.5 | 1.63] 2.330 | 0.170 2.5 | 1.23 | 1.7 | 0.46] 0.53 | 0.40 


| 
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ELEMENTS OF SHIP BUILDING CHANNELS 
New American Standard Sections 
| 
) 
Dep Axis 2-2 
Section (Greve 
Index nel i) I Es y 
In. | Lbs, | In:2 | In, iho 9) Dboys | abn In.8 | In4 | In In.8 | In 
57.7 |16.98/4.200] .700 |673.0} 6.30 | 74.8 | 18.5 | 1.04] 5.6 | 0.88 
+O 60 1g | 51-6 |L5.18/4.100} .600 624.4] 6.41 | 69.4 | 17.1] 1.06 | 5.3 | 0.87 
45.5 |13.38/4.000| .500|575.8) 6.56| 64.0| 15.8] 1.09] 5.1 | 0.89 
42.5 |i2.48)3 .950| .450 |551.5] 6.65 | 61.3 | 15.0} 1.10] 4.9 | 0.90 
44.4 113.04/4.200] .725 |245.0] 4.33 | 40.8 | 16.8] 1.14] 5.3 | 1.04 
© 21 12 | 40.3 |L1-84/4.100] .625 [230.6] 4.41 | 38.4] 15.5)1.15 | 5.1 | 1.04 
(BSC 26) 36.2 |10.64/4.000| .525 [216.2] 4.51 | 36.0] 14.2] 1.16] 4.8 | 1.06 | 
34.2 |10.04/3 950) .475 |209.0) 4.57 | 34.8 | 13.5 {1.16 | 4.7 [1.07 | 
40.8 |i2.00)3 .700] .700 [217.8] 4.26 | 36.3 | 11.3] 0.97] 4.0 | 0.89 
C 171 12 | 36.8 [10.803 .600) .600 |203.4) 4.34 | 33.9 | 10.3 | 0.98 | 3.8 | 0.89 
(BSC 25) 32.7| 9.6013.500| .500|/189.0| 4.44/ 31.5] 9.4] 0.99] 3.6 | 0.89 
30.6] 9.003.450] .450 |181.8] 4.50 | 30.3| 8.9]0.99] 3.5 | 0.90 
36.8 |10.80/4.200] .675 |146.3 3.68 | 29.3 | 14.9] 1.18] 4.8 | 1.10 
C 26 19 | 33-4 | 9-80)4.100] .575 |138.0] 3.75 | 27.6 | 13.7] 1.18 | 4.6 [1.11 | 
(BSC 21) 30.0| 8.80/4.000| .475 129.7] 3.84| 25.9| 12.5/1.19| 4.3 | 1.13 
28.3] 8.30/3.950] .425 1125-5] 3.89 | 25.1 | 11.8]1.19] 4.2 | 1.15 
34.8 |10.23/3.700] .675 |133.6] 3.61 | 26.7 | 10.4] 1.01 | 3.8 |0.95 
Bs 31.4] 9.23/3.600] .575 1125.2] 3.69/ 25.0] 9.5]1.01] 3.6 | 0.95 
C 27 10 |28.0| 8.233.500) .475|116.9| 3.77| 23.4} 8.6| 1.02] 3.4 | 0.96 
(BSC 20) 26.3 | 7.738.450) .425 |112.7| 3.82 |22.5| 8.1]1.02] 3.3 |0.97 
24.6| 7.23/3.400] .375 1108.6] 3.88 | 21.7] 7.6] 1.03] 3.2 |0.98 
e 25.1] 7.38/3.550| .425 106.0] 3.79 | 21.2| 7.9} 1.04} 3.0 | 0.94 
© 28 10 | 23.4| 6.88/3.500| .375/101.8| 3.85|20.4| 7.5] 1.04] 2.9 | 0.96 
(BSC 19) 91.7| 6.38/3.450| .325| 97.63.91 |19.5| 7.0/1.05] 2.8 |0.98 
34.5 10.13/4.200] .675 1113.0] 3.34 | 25.1] 14.5/1.20] 4.8 1.15 | 
C 31 g | 31.4] 9.2314.100) .575 |106.9/ 3.40 | 23.8 | 13.3] 1.20| 4.5 | 1.16 
(BSC 18) 28.4| 8.33/4.000| .475|100.9| 3.48 | 22.4] 12.1] 1.20] 4.3 | 1.18 | 
26.8 | 7.883.950] .425| 97.8] 3.52] 21.7] 11.4] 1.20] 4.2 |1.20 | 
31.3 | 9.2113.700] .650| 99.4] 3.29|22.1] 9.7] 1.03] 3.6 |0.98 | 
© 32 9 | 28.3} 8.31/3.600] .550| 93.4) 3.35] 20.7] 8.8 | 1.03 | 3.4 | 0.98 
(BSC 17) 25.2| 7.41/3.500| .450| 87.3/3.43/| 19.4] 8.0] 1.04] 3.2 | 1.00 
23.71 6.963.450] .400| 84.3] 3.48|18.7| 7.5]}1.04] 3.1 | 1.01 
23.0] 8.23/3.700| .625| 71.8] 2.95|18.0| 9.0]1.05] 3.4 | 1.02 
C 36 g |25.3| 7.43)3.600) .525 | 67.6 3.02 | 16.9) 8.2) 1.05 | 3.2 | 1.02 
(BSC 13) 22.6| 6.63|3.500| .425| 63.3/ 3.09] 15.8] 7.4/ 1.05] 3.0 | 1.04 
31.2| 6.2313.450| .375| 61.2/3.13| 15.3] 6.9]1.05| 2.9 | 1.05 
25.3 | 7.433.225] .600| 62.6/2.90|15.6] 5.8/0.89] 2.5 |0.86 | 
‘3 22.6) 6.633.125] .500| 58.3/2.97|14.6| 5.3/0.89] 2.3 | 0.85 
C 37 gs 119.9] 5.833.025] .400| 54.0] 3.05 |13.5| 4.7]0.90] 2.2 | 0.86 
(BSC 12) 19.2| 5.63/3.000| .375| 53.0/3.07|13.2| 4.5|0.90| 2.1 | 0.87 
18.5| 5.43/2.975] .350| 51.9/3.09]13.0| 4.4]0.90} 2.1 | 0.88 
Dimensions and properties of the British Standard Sections are indicated in bold type. 
+C 60 is not a new American Standard Section; profile is shown on page 81 with Structural Channels. 
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ELEMENTS OF SHIP BUILDING CHANNELS 
New American Standard Sections—Concluded 


2 he 2; 
eer. 
jl ' 
Depth} we. Area |Width\Thick| Axis 1-1 Axis 2-2 
Secti ee. per Rie of ness of 
ier nel | Foot tion [Plange Web | 7 fot Ss I Ve S) | & 
In. | Lbs. | In.2 | In. | In. | In4 | In In. | ba fe 6s bc 
24.9 | 7.30 |3.700/0.600) 49.9 | 2.62 | 14.3] 8.3 1.07 3.2 | 1.06 
C 41 7 22.5 | 6.60 |3 60010.500 ALAN 2.603 13°51 eb: [LOZ | SON leliOx 
(BSC10) | “ | 20.1) 5:90|3:5000.400 44.2 2.74 12.6] 6.7 1.07) 2.8 | 1.09 
18.9 | 5.55 |3.450)0.350} 42.8 | 2.78 | 12.2 Gesh | tOy, (27 eed ats 
| | 
19.8 | 5.82 |3.10010.475] 40.2 | 2.63 11.5] 4.7 0.90} 2.1 |0.88 
C 42 a 17.4 | 5.12 |3.000/0.375| 37.3 | 2.70) 10.7| 4.2 | 0.90; 2.0 | 0.90 
(BSC 9) 16.3 | 4.77 |2.95010.325) 35.9 | 2.74 | 10.2| 3.9 |0.90! 1.9 | 0.91 
| 
21.9 | 6.42 |3.70010.575} 33.0 | 2.27 EL-O } 7.6 1.09 | 29 | Vat, 
C 46 | 6 19.8 | 5.82 |3.600)0.475} 31.2 | 2.32 | 10.4 6.9 | 1.09 > Fees ey Ws hes IES 
(BSC 8) 17.8 | 5.22 /3.500/0.375| 29.4 | 2.38 9.8) 6.1 1.08; 2.6 | 1.15 
16.8 | 4.92 |3.450)0.325] 28.5 | 2.41 Sail Oae || LhOSs ke 5a lett 
C 109 6 15.3 | 4.47 |3.500\0.340} 25.3 | 2.38 8.4) 5.1 | 1.08 | 2.1 | 1.08 
ve * 16.2) 4.74 /3.0000.375| 25.8 | 2.33 8.6) 4.0 | 0.91} 1.9 | 0.95 
Ge 6 14.9 | 4.37 |2.938/0.313] 24.7 | 2.38 8.2 | 3.6 |0.91] 1.8 | 0.97 
8 re 13.3 | 3.89 |2.563/0.375| 19.7 2.25| 6.6] 2.1 |0.74]| 1.2 | 0.71 
(iste \) | 12.0 ape 500'0.313) 18.6 | 2.30) 6.2} 2.0 |0.75| 1.1 | 0.72 
| 
Dimensions and properties of the British Standard Sections are indicated in bold type. 


ELEMENTS OF CAR BUILDING CHANNELS 


{ 
910 .904/334.5 


55.0 |16.17|4.52 4.55 | 51.5 18.1] 1.06|5.2 | 1.00 
30.0 [14.714.416(0.791/313.8) 4.62 | 48.3 | 16.7|1.07| 4.9 |o/98 
45.0 [13.244 .3030.678293.1| 4.71 | 45.1 | 15.3] 1.08| 4.6 | 0.97 
TO 20 | 13 | 40.0 |11.7614-190/0 565/272 /3| 4:81 | 41.9 | 13.9 | L090 | 4s 0.97 
37-0 /10.884.12210.497/259.9| 4.89 | 40.01 13.1|1.10| 4.2 | 9/95 
35.0 10.29/4.077(0.452/251 .6| 4.95 | 38.7 |12.5|1.10| 4.1 |o.99 
32.0) 9.304 .000/0.375/237.6/ 5.06 | 36.6|11.6/1.12/3.9 |1or 
39:0 |14.70/4.14010 .8401268.6| 4.27 | 44.8/ 17.8] 1.10] 5.8 | 1.06 
48-4 |14.224.10010.800/262.8) 4:30 | 43:8 117131110 | 8:7 | Los 
10.170 )12 | 46-3 |13.62/4.050(0.7501255.6| 4.33 | 42°6 | 16.6 | 1.11] 5.5 | 1c 
46:3 [13.02/4.0000.700/248 4] 4.37 | 41.4 | 16.0 | 1.11 | 5:4 | Loe 
30.0 [14-783 .8950.595.233 3) 4.45 | 38:9 1146 (1.11| 51 | Los 
35.0 |10.303.77310.473)215..8| 4.58 | 36.0/ 13-0 | 1.12 4'8 | Loe 
© 106 | 5%4)17.0/ 4.993.5000.375| 25.8|2.28] 9.0 5.8| 1.08 2.5 11.15 
© 200 | 4 |13.6| 4.002.5000.500| 8.8/1.49| 4.4! 9.9 0.74/1.4 | 0.87 
© 220 | 4 | 10.1} 2.952.0870.394| 6.6/1.49| 3.3| 1.19 0.62 | 0.79 | 0.67 
© 190 | 3 | 7.1] 2.051.9840.250| 2.811.17| 1.91 0.75 0.60 | 0.60 | 0.72 


——— — a 


tProfiles of C 20 and C 170 are shown on pages 81 and 82 with Structural Channels. 
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ELEMENTS OF H BEAMS 


Depth | Weight) Area | Width | Thick- Axis 1-1 Axis 2-2 
Section] of | _per of of ness = = 
Index | Beam | Foot |Section| Flange |of Web| {| 2 il @ i | 
| | 
In. Lbs. | In.2 In. Maat In, Tine In?) In | In. | 
| 
H4 34.0 |10.00| 8.0 | .375 |115.4| 3.40 | 28.9 | 35.1 | 1.87 


13h, USA Gao 50) eocON |S lonl 23.02.08 9.5 7.9 | 1.20 
Japa 13.6 | 4.00| 4.0 | .313 | 107] 163 53 | 3.6: 0°95 


8 

H3 6 23.8 | 7.00| 6.0 | .813 | 45.1] 2.54 | 15.0 | 14.7 | 1.45 
5 
4 


ELEMENTS OF BULB TEES 


Depth| wt. | Ate? |yidth [Pmek- Axis Lt Axig 2-2 
Section of per of of tee J | i 

Index |Be2™ Foot | fon [Flange] wep | I r 8 x I r 8 

Ins | Lbs;, || In.2 may In, | In# In. | In.8 ne ne Tn. | In,2 

B100| 10 | 36-6 |10.62}5.50010.625/140.4| 3.64 | 25.3 4.45 | 7.6 |0.84| 2.8 

98.1| 8.1215.25010.375|118.6] 3.82 | 20.7 | 4.28 | 6.3 |0.88 | 2.4 

B101| 9 |30-1| $-83[5-125|0.563) 95.8] 3.29 | 19.4 4.06 | 5.4 |0.78| 2.1 

24.3 | 7.15|4.93810.375| 84.0|3.43 | 16.6 |3.95 | 4.6 |0.80 | 1.9 

B102| 8 |242) 7-11/5-1560.469) 62.8/2.97 | 14.1 3.54| 4.5 |0.79| 1.7 

90.0 | 5.8615.000/0.313) 55.6| 3.08 | 12.2 |3.43 | 3.9 |0.82| 1.6 

3| 7 | 23:3 6-85)5.0940.531) 45.5 Syis7e al 27 |Build || As |ORAD)|| lee 

B 10 18.1 | 5.32/4.8750.313| 38.8/2.70| 9.7|2.98| 3.6 |0.82| 1.5 

B105| 6 |17-2| 5:00/4.52410.430) 24.4/2.20 7.2\2.61| 2.7 |0.73) 1.2 

|14.0| 4.11/4.375|0.281| 21.62.28 | 6.1 [2.46 | 2.2 |0.72] 1.0 


| 


| 


| 


CARNEGIE STEEL COMPANY 


ELEMENTS OF SHIP BUILDING BULB ANGLES 
New American Standard Sections 


Thick-| wr, | oh Axis 1-1 Axis 2-2 
é Qe ness | 0 .. 
+ size per 2 a 
one men) ee ee landed adioed Nig 
Inches | In. | Lbs. | In.2 | int] In. | Ing | In BN tise |] dans |) Te 
: 0-725) 35.2 |10.35/122.0| 3.43 | 22.3 | 4.53| 6.3 |0.78| 2.3 |o.76 
Bee 0 X34 675 33.2) 9.77/115.9) 3.44 | 21.2/4.52| 5.8 |0.77/ 2.1 |0.74 
B196 [10 x3140-625) 31.1 | 9.14/110.4) 3.48 | 20.3 | 4.56| 5.6 |0.78| 2.0 |o.72 
’ °"0.575| 29.1 | 8.55/104.31 3.49 19.2 | 4.56] 5.1 |0.77] 1.9 10.70 
B 197 lig ¥31,|0.525) 26.9 7.90) 98.2) 3.53 18.3| 4.62) 4.8 0.78! 1.7 0.69 
(BSBA 18)|"" 19.475) 24.9 7.32) 92.1)3.55/ 17.2] 4.63| 4.4 |0.78| 1.6 |0.68 
B 205 | 914x3140-600| 28.8 8.47] 93.0/3.32|17.9|4.30/ 5.3 |0.79| 1.9 10.73 
> | “728739 550|26.9| 7.91| 87.813.33 169 4.29] 4.9 |0.79! 1.8 |0.71 
| 
B 206 | o14431,|0-500) 24.7 7.28) 82.4 3.37| 16.0| 4.36| 4.6 |0.79| 1.6 0.69 
(BSBA 17)) “2% 450\99.8| 6.791 77.1 3.39] 15.1/ 4.36] 4.2 |0.79} 1.5 |0.68 
| | 
B201 | 9 x3140-675) 30.4| 8.95] 86.3/3.11]17.2| 4.00] 5.8 10.81] 2.1 0.76 
2 *~“"0.625| 28.6 | 8.41| 81.813.12 | 16.4 3.98 | 5.4 |0.80] 2.0 10.74 
B202 | 9 x3149-575) 26.6] 7.82) 77.6/3.15|15.6|4.03| 5.1 10.81] 1.8 0.73 
| © *"0.525) 94.8) 7229 73.1/3.17 | 14.8 | 4.03} 4.7 |o.80] 1.7 0.71 
B 203 | 9 x91,|9-475| 22.7] 6.68) 68.4) 3.20] 13.9] 4.10| 4.3 0.81] 1.5 | 0.70 
(BSBA 16)“ *°'9 495) 20.9] 6.14] 63,813.29 13.1/4.10/ 3.9 |0.80] 1.4 ]0.68 
B 208 | 814x3149-575 25.3 | 7.43) 65.5] 2.97] 13.8] 3.74] 5.0 |0.82| 1.8 0.74 
a 2X9") 595 23.5] 6.92 61.7/ 2.98 | 13.0 | 3.73 | 4.6 [0.82] 1.7 |0.72 
eS 0.475) 21.6 | 6.34) 57.7) 3.02 | 12.3 | 3.80| 4.3 | 0.82 1.5 | 0.71 
B 209 1 
(BSBA 14) 874X318 495! 19.8 | 5.83) 53.8) 3.04/11.5/3.80| 3.9 |o0.82| 1.4 0.69 
B 211 | 84x3 |0-550) 23.4] 6.89] 60.1) 2.96 |13.1|3.89| 3.1 |0.67 1.3 |0.63 
“~~ 10.500) 21.7] 6.39] 56.4/2.97/12.3 3.89 | 2.8 10.66] 1.2 |0.61 
B212 8l4x3 |€-450/ 19.8) 5.84) 52.7/3.00/ 11.6 | 3.96! 2.6 | 0.67 1.1 | 0.60 
(BSBA 13) 0.400) 18.1 | 5.34] 48.9/3.03 | 10.8/3.96| 2.3 |0.66 0.99] 0.58 


Dimensions and properties of the British Standard Sections are indicated in bold type, 
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ELEMENTS OF SECTIONS 


ELEMENTS OF SHIP BUILDING BULB ANGLES 


New American Standard Sections—Continued. 


=n 


; oe Wt. ae Axis 1-1 Axis 2-2 
Section Size ah Poot See - 
Index Web tion I ie S x I r >) y 
Inches VGov, | MBps p Bane ef Great MGat MEN I) acy PM boee fe aiGer |) bas) Ibe 
: 0.550) 23.2 16.83 | 53.7| 2.81] 11.9] 3.49] 4.8 |0.84] 1.7 |0.75 
1 
B 214 [8 X3/4/) 599) 01.6 | 6.34 | 50.4 | 2.82 | 11.2 |3.48] 4.4 |0.83] 1.6 |0.73 
B215 |g x91, 0-450) 19.6 | 5.78 | 47.1 2.85|10.6|3.54| 4.0 |0.84| 1.4 |0.71 
(BSBA 12) 72\9_400| 18.0 | 5.29 |43.8|2.88| 9.8 ]3.54| 3.7 |0.83]| 1.3 | 0.70 
Beale On 23.1 16.78 | 52.4 |2.78|12.0|3.64] 3.2 |0.69] 1.3 | 0.65 
0.525] 21.4 16.31 |49.2 | 2.79] 11.3 ]3.63] 2.9 |0.68| 1.2 | 0.63 
B218 |. ,, 0.475] 19.6 |5.78 46.1 2.82110.6|/3.70| 2.7 |0.69] 1.1 | 0.62 
(BSBAI1)}° *?  Jg.425) 18.0] 5.30 | 42.9 | 2.84 | 10.0/3.70| 2.4 | 0.68| 1.0 | 0.60 
0.575) 22.8 |6.71 | 46.2 | 2.63 | 10.8| 3.24] 4.9 |0.86] 1.8 |0.77 
D 16x31 
B 220 | 7765374 9 505) 91.2| 6.24| 43.4| 2.64) 10.2/3.23| 4.5 |0.85]| 1.7 |0.75 
B 221 | ay.314 0.475] 19.45.70 | 40.6 |2.67| 9.6 |3.29| 4.2 |0.85| 1.5 |0.73 
(BSBA10)| ‘25°79. 425] 17.8 | 5.24 | 37.8/2.69| 9.0 |3.29| 3.8 | 0.85] 1.4 | 0.72 
0.525] 20.3 15.98] 41.0 |2.62] 9.9 13.36] 2.9 |0.69| 1.2 | 0.64 
AS a 
B223 | 77453 |o 475| 18.8 |5.53 | 38.4 |2.63| 9.3 [3.35] 2.6 |0.69| 1.1 |0.62 
B 224 |7izq3 0-425) 17-1 | 5.02 | 35.7 2.67| 8.8 |3.42| 2.4 |0.69| 1.0 | 0.61 
(espa 9)| 2° [0.375] 15.6 | 4.57 |33.1|2.69| 8.2 |3.42| 2.2 /0.69 | 0.92) 0.60 
, 0.525] 20.0 |5.90 135.5 |2.45| 8.8 |2.95] 4.5 |0.87| 1.6 [0.77 
B 226 |7 X3/2\9 475) 18.6 | 5.46 | 33.2 | 2.47 | 8.2 |2.94| 4.1 |0.88) 1.5 |0.75 
B227 |7 x31 0.425] 16.8 | 4.94|30.9|2.50] 7.7 | 3.00] 3.7 |0.87) 1.4 | 0.74 
(BSBA 8) *°”2|0.375| 15.3 | 4.50 | 28.6 |2.52| 7.2 |2.99] 3.4 |0.87| 1.2 0.72 
- 0.500) 18.4 |5.41 |32.5|2.45| 8.3 |3.09] 2.7 [0.71] 1.3 | 0.65 
B 229 |7 X38 |p 450) 16.9 |4.98 | 30.3 |2.46| 7.8 |3.08| 2.5 |0.70] 1.2 |0.63 
B 230 |7 x3 {0-400 15.3 4.50|28.1|2.50| 7.3 |3.14| 2.3 |0.71| 1.1 | 0.61 
(BSBA 7)|“ *° 0.350) 13.9] 4.07 |25.9 | 2.52 | 6.7 |3.14| 2.0 |0.70| 1.0 |0.60 


Dimensions and properties of the British Standard Sections are indicated in bold type. 
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CARNEGIE STEEL COMPANY 


ELEMENTS OF SHIP BUILDING BULB ANGLES 
New American Standard Sections—Concluded 


Thick-| wr, | phx Axis 1-1 Axis 2-2 
a ness 0 

Section Size GR Waker See aes zs 
Index Web We om Wie ae S x | I r Sly 
Inches In. | Lbs, jie ip ee ee eo ee Int | In. | In2 | In. 
B 233 | 61,041 |0-400 15.0 | 4.42 | 23.9|2.33| 6.3 |2.72| 3.5 |0.8911.3 |0.75 
(BSBA 6)| °72%974 |g 350113.6| 4.01 |22.1|2.35| 5.9 12.711 31 logo 1.2 10.73 
0.425] 15.0 | 4.40 23.5 |2.31| 6.4 |2.87/ 2.3 10.73 10.97 10.64 
pe 672x3_|0.375) 13.6 | 4.00 | 21.7| 2.33] 6.0 | 2.87) 2.1 |0.72/0.8810.62 
0.350) 12.9 | 3.80 | 20.8 |2.34| 5.7 |2.86| 2.0 |0.72|/0.8410.61 
E 6 x31|0-475| 16.4 | 4.82 |21.4/2.11| 6.0 |2.44| 4.0 |0.9111.5 |0.80 
Herds Ba *7SlG aol ia ela ae igo la ia bre 2.49| 3.6 |0.92|1.3 10.78 
6 x314| 9-375) 13.4 | 3.95 | 18.42.16] 5.2 |2.49| 3.3 |0.9111.2 |0.76 
“Lloyd **"4)0,350| 12.8 |3.76 |17.6|2.17| 5.0 |2.48| 3.1 lo.o1|1.4 0.76 
B241 | 6 x3 0-525) 16.8| 4.95 | 21.7 | 2.09] 6.3 |2.56/ 2.8 10.75|1.2 |o.¢69 
0.475) 15.6 | 4.58 | 20.2 |2.10| 5.9 |2.55| 2.5 |0.7411.1 |0.67 
0.425 14.1] 4.14] 18.8]2.13| 5.5 |2.60| 2.3 |0.75|0.96 10.66 
ve 6 x3 /0.375| 12.8 | 3.76 | 17.4] 2.15| 5.1 |2.60/| 2.1 |0.74 0.87 | 0.64 
( ) 0.350) 12.2 | 3.58 | 16.6 |2.16| 4.9 |2.59| 1.9 |0.74/0.8310.63 
seg |9-500) 15.1 | 4.45 | 16.5 | 1.92] 5.1 |2.31] 2.6 |0.7611.1 10.71 

B 244 | 516x3 : 

0.450/ 13.9 | 4.10 / 15.3] 1.93] 4.8 |2.30| 2.4 |0.7611.0 |0.69 
: 0.400) 12.5 | 3.68 | 14.2|1.96] 4.5 |2.35| 2.1 |0.76/0.90 0.67 
Ga 514x3_0.350 11.3 3.33 | 13.0/ 1.98] 4.1 |2.35| 1.9 |0.76/ 0.81 10.65 
0.325) 10.7 | 3.16 / 12.5 |1.99| 4.0 |2.34] 1.8 |0.75/0.7710.64 
0.375) 10.4 |3.06/ 9.7|1.78| 3.4 |2.20] 1.2 |0.6210.58 10.56 
es > X2/4/0.325) 9.3/2.74| 8.8/1.79| 3.1 |2.19| 1.0 | 0.61| 0.521 0.54 
(BSBA 0.300) 8.8/2.59) 8.4/1.80| 3.0 |2.19| 0.95/0.61/0.4910.53 


*Lloyd sections, rolled by Pencoyd Iron Works (Pencoyd 60A). 


Dimensions and properties of British Standard Sections are i 
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ndicated in bold type. 
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ELEMENTS OF SECTIONS 


ELEMENTS OF SHIP BUILDING BULB ANGLES 


Miscellaneous Sections 


Thick- Wt. Area Axis 1-1 Axis 2-2 

. Sina ness on of 
Section of ke Sec- nea 
Index Web oot | tion I r 8 28 a z : 


Tnches In. | Lbs. | In2 | In | In. | In8 | In. | In# | In. | Ind 


B 143 |5 x 240.240] 8.3 |2.44| 8.6 |1.89|3.4 |2.41|0.91 | 0.61 0.47 
B 144 | 414x 2144(0.220} 6.7 |1.95] 5.6 |1.69 |2.4 | 2.12 | 0.60 | 0.56 (0.34 
B 145 |3 x2 (0.190| 3.60/1.08] 1.3 | 1.09 |0.74 | 1.24 | 0.31 | 0.54 | 0.20 
B 146 | 3 x 130.160] 3.25/0.97| 1.2 | 1.13 |0.72 | 1.31 | 0.21 | 0.47 | 0.16 | 
B 147 | 214%x 114(0.150| 2.66) 0.84] 0.74) 0.94 |0.55 | 1.17 | 0.12 | 0.38 jOaty 


ELEMENTS OF CAR BUILDING BULB ANGLES 


Thick- We. Area erga Axis 2-2 


, Siva HESS | por of 
Section of Sec- 
nerice Web Foot ne al | fr tS) & IT cM | iS} 


Inches Te eben | in 2 2) In, 8) In. in) ins 1) In 8 


B125|5 x 414(0.438) 19.3 | 5.66 | 20.8 |1.91| 7.9 | 2.39 7.9 |1.18| 2.4 
B 12415 x 340.375) 13.2 | 3.82 | 13.5 | 1.88 | 4.9 | 2.22 3.3 |0.92 | 1.2 
B 122 | 4 x3%0.500/14.3/4.21| 8.7|1.44) 3.7 1.65 | 3.9 |0.96}| 1.5 
B 123 | 4 x 34|0.375/11.9|3.48| 7.9!1.50} 3.5 1.77 | 3.1 (0.94)| 1.2 


CARNEGIE STEEL COMPANY 
ELEMENTS OF EQUAL ANGLES 
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ELEMENTS OF EQUAL ANGLES—Concluded 


et 


ELEMENTS OF SECTIONS 


A 507 


Pep PP PP 
~ 
w 


Size 
Inches 
Ble x3lex te 
34 x 3)6 x 34 
3gx3lextt 
344x3}4x % 
3146x346 X x5 
344x34xlk 
346 x3lexys 
3144 x3K%x % 
dg xd3lexrs 
34x34xi4 

3 x % 
¥ 3 6 
3 3 4 
3 3 a 
3 3 38 
3 3 To 
3 3 yA 
246 x2 4 
2x2 13 
216 x2 3% 
2 2 15 
yy 2 A 
2 2 16 
2 2 1 


SNOH ASH, 
PBN aiod\ai7 od 


4, 
cs) 


Nwwwhdpbs SEAS 
KM MMMM MMMM KM Mo Me KW KK 
oon, 


SK RRS VENI ND SKS 
SON 


WMH MMMM MMMM MMM a MRK OO OM 


1 134 xX 14 
1 134 x % 
1 134 X 15 
i 134 xM4 
1 134 x 
1 14% xl 
1 14x % 
14%x1l’xrs 
144x14xi% 
1144 x14xv5 
14xlwxk 
Iyxixys 
14x1l4yxMu 
1yx1lyxx 
14x14xk 

1 1x 

Al 1 ra) 

1 1x 


Weight | Area Axis 1-1 and Axis 2-2 Axis 3-3 | 
per of 
Foot Section I - Ss s Sanh 
Pounds In.2 In. In. In.3 In Th. 
pg} 5.03 aS 1.02 253 1 ES yg 0.67 
16.0 4.69 5.0 1.03 2.1 BLS 0.67 
14.8 4.34 4.7 1.04 2.0 2 0.67 
13.6 3.98 4.3 1.04 1.8 1.10 0.68 
12.4 3.62 4.0 1.05 1.6 1.08 0.68 
aged 3.25 3.6 1.06 1.5 1.06 0.68 
9.8 2.87 3.3 LO 1.3 1.04 0.68 
8.5 2.48 2.9 1.07 2 OW 0.69 
ees 2.09 2.5 1.08 0.98 0.99 0.69 
5.8 1.69 2.0 1.09 0.79 0.97 0.69 
1S, 3.36 2.6 0.88 1.3 0.98 02a 
10.4 3.06 2.4 0.89 1.2 0.95 0.58 
9.4 2.75 202 0.90 ct 0.93 0.58 
8.3 2.43 2.0 0.91 0.95 0.91 0.58 
7.2 2.11 i hetat 0.91 0.83 0.89 0.58 
6.1 Wie Lop 0.92 0.71 0.87 0.59 
4.9 1.44 1.2 0.93 0.58 0.84 0.59 
rere 2.25 1.2 0.74 0.73 0.81 0.47 
6.8 2.00 ett 0.75 0.65 0.78 0.48 
5.9 1.73 0.98 0.75 OST 0.76 0.48 
5.0 1.47 0.85 0.76 0.48 0.74 0.49 
4.1 1.19 0.70 0.77 0.39 0.72 0.49 
3.07 0.90 0.55 0.78 0.30 0.69 0.49 
2.08 | 0.61 0.38 0.79 0.20 0.67 0.50 
5.3 1.56 0.54 0.59 0.40 0.66 0.39 
47 1.36 0.48 0.59 0.35 0.64 0.39 
3.92 1.15 0.42 0.60 0.30 0.61 0.389 
3.19} 0.94 0.35 0.61 0.25 0.59 0.39 
2.44| 0.71 0.28 0.62 0.19 0.57 0.40 
1.65 0.48 0.19 0.63 0.13 0.55 0.40 
4.6 1.34 0.35 0.51 0.30 0.59 0.33 
3.99 pe Ost 0.51 0.26 0.57 0.34 
3.39 1.00 0.27 0.52 0.23 0.55 0.384 
Qe 0.81 0.23 0.53 0.19 0.53 0.34 
212 0.62 0.18 0.54 0.14 0.51 0.35 
1.44 | 0.42 0.13 0.55 0.10 0.48 0.35 
3.35 | 0.98 0.19 0.44 0.19 0.51 0.29 
2.86] 0.84 0.16 0.44 0.16 0.49 0.29 
2 B42 0.69 0.14 0.45 0.13 0.47 0.29 
1.80 | 0.53 en Ue 0.46 0.10 0.44 0.29 
1.23 | 0.36 0.08 0.46 0.07 0.42 0.30 
2:33 | 0:68 0.09 0.26 0.11 0.42 0.24 
1.92 0.56 0.08 0.37 0.09 0.40 0.24 
1.48 |] 0.438 0.06 0.38 0.07 0.38 0.24 
1.01 | 0.30 0.04 0.38 0.05 0.35 0.25 
1.49 | 0.44 0.04 0.29 0.06 0.34 0.19 
1.16 0.34 0.03 0.30 0.04 0.32 0.19 
0.80} 0.2 0.02 0.31 0.03 0.30 0.19 


| 


AOry-wuononminnoe 
ANDDDDNOrYrh 


ooooooooscoe 


oooceooooosd 


wRAHANOWDOMHRGON 
AAA OOOCCOAD 


In.3 


DOrroonndtd 


COMMMNOSMOI19 


MANNAAANGAS 


SCDOWMMAHOWOANMH 


MANNANAR AAS 


MOHNOO INA 


MOO OOO MANNA rt 


Axis 2-2 


CD 0) HID OM ODS 
boll Rol Sal Dal ao Sl Bad ad Bl 0) 


Se Oe oe oe ee oe oe | 


OMFS ODNDHOOTN 
DNHDNNNMAAD 


ooocoooooo 


DOHOSnHNMMHIOO 
DDAAAAAAAAD 


ooooooocoose 


DODANMM HIDOn 
On FAA AAA 


Mets SS St St St rt 


In. | 


DORDO-OMOM CD 


DHOANSHOHHD 
MOCO MO AAANS 


Dt MOWOWR 


Per oonnuotsd 


INDIO Ty HMO HO1wW 


BRrOCOMNNoddtHoH 


DMMONMAIAMHOD 


SCOAADHrOOWH 
ae 


10 OD AD CO HN Ob 10 
© O 6 14 1D 09 19 1D) HH 


NNANANNANNANA 


BRHNOMDMOMID 
MAAR HOCOOOND 


OD OY) OY OF) O19 OD CD CD CO ONY 


CHGAHNSOr-MMNOW 
moOoUowooMinniod 


NANNAANANAAAA 


BRHNODOMNHOAON 


AAR OOCOCOOOS 


ANANANAAAN SSS 


AMOR DARN 


Bis OO ON 
rt a) at mt 


PMONAHODONMOH 


COONANTRONDADr~O 
se De De | 


COHDNOOMrOM 


SOON Ory O19M Hh 
rere 


SONRND ODO 0 00 OD 


Der oownwnottoo 


Axis 1-1 


DOTANMHAHIOOnN 
HD 1D 1D 19. 19) 9.19. 19.10) 


ANNANANAAN 


AN HO OrMmr ODD 
Natal lal allaltallal lal lalla) 


NNANANANAAA 


ARDOAN HINO 
FANANANANAANNA 


ANANANNAAAAAA 


WOO WDHOSOTHNND 
DNDN DONAAAAH 


Se Oe ee ee ee ee 


I 
In.¢ |} 


MOND HO ron coy 


SON OOHSHO 
DIN © 1919 HH00 


AID HOOD LD I~ CO 19 


ONDINHDHASSN 
OO ID I1D 1D HH Hod 


HAOHOMANAHOSO 


HHSHSMOWKDAD 
HAHOMOMMANAA 


ODD 9419 00 0) SH 1919 


SCOrROHNTAL WM 
MONANANAN NAA 


NTS OF UNEQUAL ANGLES 


| In.2 


O19 00 N Hig © O19 oD 
ONHROTWMIONND 


MAAROADWMr~OI1w9 
mene 


So0oN7ONMNSO0NOH 
1D DODO OHO 1D 


SHRP OM r= OO 1) Hh 


CARNEGIE STEEL COMPANY 


Lbs. 


AnRmNMOOnRON 


FASSHADdAS 
HHA COO AAA 


BRRROMWNNORW 


SMAAK OG HOS 
MOOANANARS 


SORARTOROOOS 
1D C2 sH# OO OD IS FINO HOO 


ADO OO NIN HO 


Mr ADHOOROOO 


ASHSHBASN S05 
QOANNAN Raa 


SOOrHOOnFNOH 
CUNAHWAHHODMEY AO 


OO OOIWwWMHHD 


OANHOWOTHN AO 


SCOrUMNTFONMOHN 
MONANNNAR AAS 


ELEME 


Inches 


USKONOO CHO NHN GO FONT, 


rane, HEN eT a 4 
HH K KKM MMe 
OCODWOODOOOOOO 


D4 4 dd dt 
1 0 00 0.00 0 00.) 0000 


WI NOOCIKON SH ko NO _ ko jo 
Tot RN ON ON af Ree 


KKK KKK KK AK 
SSASASEINTANNN 


PAN-AAPARR NAN ENE 
eden en onan en a 6069 
bd Dd bd bd dO Bd 
OD 0100 0.0 1) 1H) 


HONDO NH HONOO_feNEI_ po NGO 
To RN RON IN FR A CON 


I Hd HO 
PABA LUN EININEINAN INT 
SNORE RE ee 
09 6 a9 O19 6D ED 419 C9 CF 69.09 
KKM MK MM 
dd el ed ool dd 


BOND SNH HONDO GIONS, JENS 


Tot RR Hino et FR AS 


MH dB dB 


Ht Ht tt tt St tt 


KKK KKK KKK KH 


WOODOOOOOOOOO 


Section 
Index 


Dr-OMANATHOD 
Do oe Boe oe he Phe ae ene 


taiddddqade 


SCANMHIDOr OD 
ANANNAANAAN 


Sidi 


SDANMNAHOONMODO 
UD 191.9 19 01919 19.1919 1D Sa 
So cee oe eee ee ee oe BP) 


idididididididd<d 


DADA Hig Ol O 
MAROOOOOOOOO 


sonia ihon onion enon hon hen! 


Adigididcdadd 


186 


ELEMENTS OF SECTIONS 


ELEMENTS OF UNEQUAL ANGLES—Continued 


; IDIDIADADINO ONS HHdtigooo igi9MMMMMOCOCO HHtHoO. 008 

fo(g|2| SSSEEEERERRE BRHHRQHOH RENRENNHHH CYeseoces 

4° |B || ococcoosss9oS SSesceessoso sooeosssesoS SOo5D509905 

¢ O00 — HONOHNOKIOM WACK MOAIHNOH CTNON0MOW 

»| ¢| SBSSSSRRRERR AASAARSSS SSSAGSaHHA BHHARNNNS | 

BS} pdddddddddSS6) FARRAH HHHSOSOSSSSS SSSSSCeSSsS | 

; 19 | 

2 | AOI aADodae CQHANIMONO WAQAANOAASO NOt IODN | 

nN S| ANANNNANAR ee MOANANNRA NAAANRARRRR AAAS 
RQ 

cI .| ArmdtdtoOOCOK NAO HIMDONDDNAQD ON DWDROHHND DOnTAMHH | 

Sc fc20 || esl || LeNCNIC PICNIC AKON CAC NSU eRe hing imal ap lian cl OA KSC ee elec eee eee 

SSS6e0dS00900H ee ee et ee ololololoh te ia melolololololorolo) 

Hl | NOONDBAR MHA  ANALTHOOMN AROAHHOOAN NwyMrnmowMon 

Al KOSOwisgisdiwion can AHOKNSGSHHA Ow sidddidasnd  odoOMmMGANNANK 

.| OHNOMMMHOOdM HOOHNONION GRMNACHOMHA COHNORNMON 

Esia|| ist |) RIGO le hssh ISIS KEEN S  SSSSS)  EGCUC RISES 

é ANNAANANAAAAA SSS Soe Bret Stet Sete ee 

aa | oS), CSS Oe saee ONHANHANG ROMONDOOMA WAAIARONA | 

aa El xerrddissdstoon IGA didi OANA tio MAaANAT 

ee | DOR DADOHAMHD AOHHOONRDA Mt MOOK NROG wWMMON NOON 

ala] dF] OMODNDHHARAGBAH MO MMggMiggg wMimmAggiqgegSoQ iw qaiqnoqgooo 

she |) (N00 S960 est Nt O00. S/O? BOOS ONO on BO OS OS Ce Sc 

H| da] oncdtinHSoHOSHNO OGSHtHANASHH wWHtHONHOHNS Wann SoaAWHrs 

S.4a(|a | OMmooonnonaAnr FMONMINOIN  MMOdnAKOMDO WHMADHAOO 

eees.6)|| | || RESO SM ONo Seren shed ee Stiegl SOUS ORCS FS CONCSIC OCHS HEM ONS OS COO GOON 

A°nS | A) SSN SSued iN NOSsoddtioned CCOwsdddnaa  wmidotdtandad 
= 

HRS | dB] AVNOKOAAM9ANY SUS MCN Maley Ne lence Soke (eae) ral Sones gic.) 

Bae |S] Or wetiadoorn sna HAAHONOCHNH ANHAHSHHNSOH BAN WHAT 

=; De oe a BON Ee Ne SEEN ese ook SoS SEEN HENS ae Re eke EON Bo CIN oa 

A g | MAK KAKA MK MM MMM MMMM MM MMM MMMM | OM 

a EL) SSSR Gegiigiitditid = REAR EASE cn co cn co. 09 006000 

(| ed on cn. on cp 9 0 09 OD OD C9 C1 OD OD 0 19.019 1D 010. CD 

MMMM MMM MMMM MMM iM MMM dd dd 

WODOODODOOODOOO 1919 191921919191919 1919192191919 19191919 1AG 191.919 192-1919 

Bx NMROHNAM WOOK DROKAMHNO HNOROHAMHINO ONWMROHANMD 

aes QOORRKREREKRO RRDODWDDDD DHWDARABAGDHA AAVRHSOSCSH 

ae dddiddddddq ddddddqdddq dddddqdad 


Adiddddddddd 


187 


CARNEGIE STEEL COMPANY 


ELEMENTS OF UNEQUAL ANGLES—Continued 


m THM mOO ANANANNM HHttttHtHHdtinig ANNAAANANMOD OY) OY) 0YD CY) SH SH SH oH 
BP le | a] COSSOSCSGS RAKKHKKKK SHSSSSSSSS SSSSISSSSS SSRRSSAS 
> 2 aa Seeeecoosco ocCoOCSoooCSoSoS SCOSC0D0DSDSDSCSS SoSoOSoSOoOSoOoSSS ocoooocoeoo 
2 | SH'OMIRDOHN HOLHTNODOM HARPNRMMOMOH DOHNODNMHR KunMOWodH 
ml] AVLOORNNE ASSOSSAAA AADHYHAHANKN BARHAAHHHHOK RNRNGCOO 
a SS9SSSCCS9SO AAHAAHHOOOD COSOCDCOSDDSDS SCOSooOOoC6S oooocoocoo 
oD 019 tyHtoO D19NO AHBNHWOWHOS 
a [2] gf RORHAMODN MHOMNOHAS MOWYARODNS NgtmAqdAshig AAQLOHSA 
a me AANA OO ANNAN ARAN ARAN HOOO FAH OOCOO ooooocooo 
| A AMO OIOID DOM AAO HIOOY MHAHOOCONDAD WIMONnRDROOH AROOHNAMH 
<a [HLA | BommaHayy GCOOOOOSSS YHnadnnnnnn Honnnnnaaa OORNRAKE 
E SSSS99090909O AAAAHHAAH OCSOCOOOCCOSCS ooocoooocoo coococooSoSo 
4 HO 
HH] gd] QHAOMIAMON IQNRNDHOOS MHAAMGARNA NHOMINMIHOeD NOMdTAHaR 
TL DOM MANATH IN HHHNMMA MNMANANKHH NHMANANNHAR Sant HHOO 
; QOD OKA OHNO IOMHD HAP-ONMOWOH MHARKMIMONOH KinMowodH 
Hg] SOOM OOAY YQQAAAAAT HHIIAAMAAN AAI OoO AANA aaa 
| See ee Ae oe ee ee | Se oo Boe oe oe | ion hen) Se oe el ee oe oe oe ee | So re oe oe Be 
oO On OD uD 
Ht [A] gd] SIAROHIOg AQOTAIANO ASM MNHANBAS ATANHOOMHAR ANOtyWar 
a Le HMMANNAHH ANNAN ANNAN ARH ANS ARRHOO AennnAHoOoO 
n 
| ABRHBOANMHH BDOANMMHIDO FNAANHIDNOnND HHINOKRWDOOH ON HDOQOHA 
SM) |] ROR AAAANAAAAN AATANANAAAN SSOSSSSSSHn SOOSonaH 
A oe Oe Bee oe Be ee | be oe oe oe oe oe Be 6 oe a ee ee ee Be ee oe | 5 eh ee ee Dh oe oe oe Be et Se Oe oe | 
4 | QNANQOMGN DYRHAAIQANOG QAMGOOOMOGN - ONHHNOANMA AaHONROAH 
Bale SOADNMOOH HHOCOMOGHO MOCO HHdHHOA WdididinanwAnd dinnanaad 
| 
a tala BONDSODI-1G MONSOSSDI-1D MAHNONOE-HAR AHORHOMOMO wmOoDMHOH 
BSBS | gg] LQOCRABSOON BOOMABCON COMAGAHNSS OHSGMOSMAH SHondans 
4°ns 1.4 MIDH HOODOO AN IMOHHOMOAN INHHNMMOAAND ddtdtnansanddn wsumanndd 
= a = 
By S |g] BROMMACAN BMONMAGIN AQMOMMMBAD HrOEetATaoy Odd H9ATA 
Bao |] OMOHHHSCOM BDNSHGHHOSNM NOdMAHOHNIS: BHRBNHOGNSIS AHOMOMK Od 
E 4 4H Saleen Be hee eon Se Dee Pe Ee ee | Se ose oe oe hoe meee Sit 
PERTENECE RAE NRK CENIIROSE NSE AENY SNITENRAE RUE GM ENMIE RENCE 
KAKA KK KH KKK MMM KK KK KKH KKH KK KKK KKK KKH RK BRR RMR 
o 3 Na SUISUN SONS SASS a SANS AEN 
PNENNONSN ENN PAPNSNEAEN Ne 
FS 3 COODOD OD OD OD OD ODED EAR NNN ENA Da SooDEDEDEDEDEDEDEDED aDaDEDODEDEDEDEDED 00 AAA) 
4 BA bald bd bd DA bd ba bd BOR TR OR dO kB Bb bBo BB 
SSSA qi dit ddd SAMMI NIM SR ES 
SH SH HH HH cH cH cH : i: pelaelacisclselackaclorloclocmockononloclaciselacior) 
5 4 WOOD WDRBOHKR NAMHMOKR DAD OANM+HMOKG Not Moro NoOOHNMdH19 
BS SDOSSCSSNRAD FANN ANNANANAND ANDMMAMMMND MOAHHddd 
Se AAAAAAAN ANANAANANNA ANANAANAANA ANANANAAAN AANAAAAN 
wait didi dedi ddd dedddgead sedaade 


188 


s ga : HORAN 1d OS ME D OMNM nO) wT AN CO LO DS By OO Be KOoOnNNA 1dr AMO 
HOS 3 iq Pl ND OOD ANOn YT Oromo 019 mot OANOWDO mOMmOd BQ ony 
3 


NAANKHAA NNER AARAROO HOO FAAHHSOS FHHSOSSO SSO SSS 


ELEMENTS OF SECTIONS 


| 2 ai ANNAN mom NNNNNMO NN ANNAN ANANNM RR BEE 
| Som te, ll el IQIOINIOIOIG Wits SINS SSIs ane) ope aaeBagIn © coon ea aR tN AA 
| seioche [seh ops Seoaooco eoeoo Sooooscoe soo cocoeoc coooo oo eco 
| | BIOMHOOD DOHNR MOMOHHHRA OCM'N MOHNDY OPAOhH MH OM 
bolic | Sete Se EN et CO ee ae EN are ee 
4S FN ooceoo cGoecoo) foSoooooo (ooo Socooo Joooces oo ioo°S 
a) 9 NHODMRO KRARND OFOAMOM BHR OMORHH OhHHO OFF COMM 
= ga [Ee | CO ey GOON cani etry: CUNO rin niet 
| es “a Hi eeceoco oscoces scocoocoo ooo cooceoo coooc oo coco 
as aI Ps ANMHHIO I9tNMOKR OKOMMNROK FRAN OFFNND ANMHO HO HOW 
1 © =a ||ss || eet Go) ase, ae! SS SS ee 
| | | SCSoCSCo COSOScO cooooco coo coeooo scoooo oc Sco 
mM + Ct RAARO HOHOKRAD OOM OHHOON TBHNND Ob Ob 
is Bgl Seacorm oigties soe ea Sas Ate Cee So lees 
i a HoerOoOo coooea cococoo cso csceoooo cocoo oo eco 
O ~| NAODOMH DOHND® OMMARMOH CMM OMMAOrM AROHN DBM SOMO 
Sh || ist || SSS CN Ses Sri) Caicedo, tencoed choc IS SS eS SS 
Zz BHHOOCO sent nHoO csocoeosco o90 coSseooo o9000 co ooo 
< 5 MHaAo QHOH OCNMrDMARD HOH HONOOM HWOHHOM MH WH 
2 se |A| a | ASSWSS SOMO Oot N TON Me CON lm 
= = Si aHHOooo nHOCOCO ScoCcOoCceOo eoCc occecoo ocsoceoso oo oCcS 
i) S| é FNM HID AMANO MOK WDDRO ARO DOOHN ANNOY Ost HO 
4 jn} | @8SGaR SRSRR ERRERER REG SSSRER SSSSS SS Hg 
oS SOoceo: CoccSe Scooocoo "Soo Coccoo Soooco Noo, occ 
a + BOM AOD MOnMdHH MONOKR OM OO 
eS, ae NAOnYNY MMMM DOMhOMM HOt MooMmda wWoannd mA Ado 
Ss ist) Waa Sercaoeee Dec ee hy, Soe ed Rc ie ee pa et NG Ok 
i 
oO 
Ht 
ca) 
fz 


= 
roe 5 
NOOO NAOH ONMD ADOnRAH 1090 on 
eS | 2 |ippecom BROOCH OuMeano Aas OCOdGan BSI we Boa 
o oS sl Se eset Sesh So, ae ee sea pee UN ee een Coleen Oe see 
| S GONG OH MOM SH OSHHGNA MOHAN WHdHNA MONAR Ad Ana 
| APNE REESE NER MoE eS ARE RON SRE oR Nae Noe 
8) KARAM MM KKH HMMM Prien Made h  M O 
8 ret SORES GIGIGUICICN LQUCURICNCURRCY Gh SRN SNORT 
n aq ANNNAN ; Ly hapa ee Lp iaple lie ite elie lashes Lelie lelelLeiete! 
= MMM KKH MMM HH BAER EA BSA Relenenenene) MKM HM Ke Mi bh 
HN tN NH AANA 
monenoncaes  spanenance SENS _ ANN Seeks 
| Bee e AAAAAAA ANN Ananaa WINN AQ Te aos 
} Big ADH NON WMNOSOHN HNOrFDNOM OHN On mt 
32 IDIDIBIDID WSSOCG OOEOSCSN Gan RRNeee eae See Se Raa 
ee ANAANA AANNN ANANAND OOO ANANAANN OOOOH SS GOO GOO 
mr adidaitd Adediddq addi did didi didi dd dd aiid 
x x 3d 


x 


CARNEGIE STEEL COMPANY 


ELEMENTS OF EQUAL TEES 


c 
j—+_- —__ -—1 
2 
Size Axis 1-1 Axis 2-2 
Minimum Net Fes 
oe Flange, Stem ee Foot ae I r 8 x ip |) 3 8 
Flange’ Stem | | 

In. | In. |! In. | In. | Lbs, | In2 | In4 |) In. | In8} In. | In# | In. | Ine 
T40| 64} 6% | 0.40 | 0.45/19.8 | 5.80 |23.5 | 2.01 15.0 |1.76|10.1 | 1.32] 3.1 
ETN ae 4 % 4 |13:5 13.97] 5.7 |1-20)2.0 |1usi2:8 jors4 14 
T 2/ 4 4 3% % |10.5 |3.09] 4.5 (1.21 LG) /220S 25 OrS3s ital 
T 3] 3%| 3%| ¥% 4 |11.7 |3.44| 3.7 |1.04]1.5 |1.05/1.9 |0.74] 1.1 
T 4/ 3%) 34| $4 | 9.2 |2.68) 3.0 11.05/12 | 1.00/14 |0273)\0.87 
Su Gh Ih 83 3 4% 4% | 9.9 |2.91| 2.3 |0.88]1.1 |0.93]1.2 |0.64/ 0.80 
AR et os 3 ys 1s | 8.9 |2.59] 2.1 |0.89/0.98/0.91]1.0 |0.63/0.70 
OP St 33 3 % ¥% | 7.8 |2.27| 1.8 |0.90/ 0.86 | 0.88 | 0.90 | 0.63 | 0.60 
SSeS ersee ales te ve | 6.7 |1.95| 1.6 |0.90/ 0.74 | 0.86 | 0.75 | 0.62 | 0.50 
T 10} 2%) 24%] & 34 | 6.4 |1.87)| 1.0 |0.74/0.59 | 0.76 | 0.52 | 0.53 | 0.42 
Tail | 23%) 2346) 3 ve | 5.5 | 1.60] 0.88) 0.74 | 0.50 | 0.74 | 0.44 | 0.52 | 0.35 
T12 | 214/ 214) ts | 4.9 |1.43] 0.65] 0.67 | 0.41 | 0.68 | 0.33 | 0.48 | 0.29 
T13! 24%) 24] \ 44 | 4.1 |1.19] 0.52/ 0.66 | 0.32 | 0.65 | 0.25 | 0.46 | 0.22 
FT ad £2, 2 ts re | 4.3 |1.26/ 0.44) 0.59 | 0.31 | 0.61 | 0.23 | 0.43 | 0.23 
AR Sy (hoo 2 4% 44 | 3.56/1.05| 0.37) 0.59 | 0.26 | 0.59 | 0.18 | 0.42 0.18 
T16 | 134] 13] 4% 44 | 3.09|0.91] 0.23}0.51 | 0.19 | 0.54 | 0.12 | 0.37 0.14 
7 ieee ee Lele 4 | 2.47|0.73| 0.15) 0.45 | 0.14 | 0.47 | 0.08 | 0.32 0.10 
T18 | 1%] 1%) 3 ro | 1.94/0.57| 0.11/ 0.45 | 0.11 | 0.44 | 0.06 | 0.32 | 0.08 
M19 | 14 We 3Z 4% | 2.02/0.59| 0.08] 0.37 | 0.10 | 0.40 | 0.05 | 0.28 0.07 
T20| 1%) 1%) ¥ vs | 1.59)0.47| 0.06] 0.37 | 0.07 | 0.38 0.03 | 0.27 | 0.05 
OAL Sh 1 Ts ve | 1.25/0.37] 0.03) 0.29 | 0.05 | 0.32 | 0.02 | 0.22 0.04 
22 abe il y% ¥% | 0.8910.26! 0.02] 0.30] 0.03 0.01 | 0.21} 0.02 
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M 29 |5.50] 24.0| 7.01] 5.0 | 8.0 | .375| 35.4 | 2.25] 11.3 | 2.38 | 16.8)1.55| 4.2 
M 21 |5.50/|20.0/5.71| 4.5 | 8.0 |.250|30.9|2.33| 9.7) 2.33 | 14.9) 1.62 Seif 
M 25 |4.25/14.514.10]| 4.0 | 6.0 |.250/13.0/1.78| 5.5/1.88 6.1.| 1.22) 2.0 
M 24 |3.00| 9.512.80| 3.0 | 50 1|.203| 4.311.241! 2.511.27 Sela aOo aime 
Bt 1 
ee 
| of me - ages 
Depth Area Width of Axis 1-1 Axig 2-2 
of te of Section |Phick- - — 
Section} Sec- | P& | Sec- . @ : : | # 
Index | tion Foot | ¢ion | Top | Bottom! pee I r 8 x p I S 
In. | Lbs. | In.2 | In Ine) | in. |) fa t™ Gas Piney) TN Meals Ind 
M 27 /|2.25| 9.0 |2.62| 5.5 | 7.0 | .250 1.28 | 0.70 | 0.79 | 1.62 | 16.8 | 2.53 | AS) 
M 20/2.00| 6.0 |1.72| 4.5 | 6.0 188 | 0.71 | 0.64/|0.51)1.41 | 8.4|2.22) 2.8 
M 18/1.50| 4.0 |1.21] 3.4 | 5.0 156 | 0.31|0.50]0.31]1.00] 3.6] 1.73 | 1.5 
oan 
Le Nee 1 
12 
e\aae 3 7 races id 
Depth Area | Width Axis 1-1 | Axis 2-2 
of Hi @ of | Thole ; =) ay eae 
Section | Sec- Sec- | Sec- | ness , = | | | Rt 
Index | tion Foot | tion | tion I | L a I | | 
meth |) ane) Tee tn ~ tee Pde) Inte in | Tne [at 
M 26 4B 3.20 | 0.97 | 448 125 10.059] 0.25 |0.110 0.54 | 2.44] 1.58] 0.99 
M 19 54 2.50 | 0.74] 4 141 |0.024| 0.18 |0.057| 0.43 | 1.15) 1.25 | 0.58 
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Dimensivns Weight | oe Axis 1-1 
n per | of |- —- 
—— CVn Sod Yee Wa Um el Foot |Section) I | r | 8 | x 
| | - 
fy) as) ne ins 4) ais) bss || ne | In Hares rie In 
Lovee 
M14/ 9%/ 5 | 3%] 3 | 3% | 23.2|6.82| 5.5 | 0.90] 22 | 1.21 
Mi3/ 934/ 5 | 3%] 4 | #8 | 21.4] 6.30] 5.0 |0.90| 20 | 1.19 
M12] 9%/ 5 | 3%] % | & | 19.7] 5.79| 4.6 | 0.90| 1.8 | 1.16 
Mi1| 91%/ 5 | 334] 3 ve | 18:0) 5.28 | 4.1 | 0.91) 16 | wie 
SIO aa te a eae ee TL Oe WL IP I) Soe 
ELEMENTS OF CORRUGATED PLATES 
ie eee ee 
.. : = = 
te = y 
eebese oe Bie ee ees 
Dimensions Weight | ao Axis 1-1 
: Bars per ry = 
eos a b d een far Foot |Section) [| r S x 
Tn, | te. [de | dm. | te Te ing | dee element ee 
M 35 | 128 Ti 2% M6 3% | 23.7 | 6.97 | 6.8 0.99 | 4.5 1.34 
M 34] 128%] 75 | 24 | vo | 3% | 208]6.10| 5.8 |0.98|3.9 | 1.32 
M 33} 1235; | 7+; 234 3% 3% | 17.8 | 5.22 | 4.8 0.96 | 3.3 1.31 
M 32 834 5% 15% ¥% S56 1 2:001"3°53. | 1e3 0.62 | 1.4 0.74 
M 31 8% bl 1% Ta 352 | 10.1 | 2.96 | 0.95 | 0.57 | 1.1 0.72 
M_ 30 834 | 514 1% yy 356 8.1 | 2.38 | 0.64 | 0.52 | 0.80 ! 0.70 


ELEMENTS OF U. 8. STEEL SHEET PILING SECTIONS 


i= 


Dimensions Weight | Area 


Secti é per of 
na Lab b | Cc d t Foot | Section I 
In. In In. In. Lbs. In.2 In.4 
M105| 13% 31s 24% % 42.5 12.51 8.56 
M 104 | 134 318 24% 36 38 11.30:| 8.50 
M103!) 914 23; 1% YY 16 4.71 1.45 
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ELEMENTS OF SECTIONS 


ELEMENTS OF RAIL AND SPLICE BARS 


i emma ae 
! 
d 
; tol i 
fas 
ls ta Pee ! 
‘ ‘Slee es 
Weight) Depth| Area Axis 1-1 Weight! Depth| Area Aeiseted 
Secti per | of of eee Seok per of 0 ——— 
Syn Yard |Section|Section| I Ss XK oe Foot |Section|Section I | yall ox 
Lbs. | In. | In.2 | In4 | In.8 | In. Lbs. | In. In2 | In4 Ins In. 
A. 8. C. E. Rais A. 8. C. E. Spriics Bars 
| | 
10040) 190 | 534 | 9.84 |43.97/14.55/2.73]|S10040| 15.80) 45% | 4.65 |13.43/5.82)1.91 
9040) 90 | 5% | 8.83 |34.39]/12.19/2.55|/S 9040) 13.50) 382 | 3.97 10.30/4.79)1.81 
8540) 85 | 58; | 8.33 [80.07/11.08/2.47|//S 8540) 12.40) 33% | 3.65 | 8.43/4.02)1.71 
8040) 80 | 5 7.86 |26.38/10.07/2.38|/1/S 8040) 11.50) 334 | 3.38 | 7.39)3.75)1.68 
7540) 75 | 432 | 7.33 [22.86] 9.10)2.30//S 7540) 10.70) 34% | 3.15 | 6.02)3.28/1.65 
7040) 70 | 45% | 6.81 |19.70) 8.19/2.22]S 7040) 10.00) 338 | 2.95 5§.82)3.15/1.61 
6540) 65 | 4x4 | 6.33 |16.90) 7.37/2.14)/S 6540) 9.20) 343 | 2.71 | 4.85/2.73)/1.56 
6040) 60 | 414 | 5.93 [14.56] 6.62/2.05/1S 6040) 8.40) 33% | 2.47 4.04/2.38)1.51 
5540| 55 | 476 | 5.38 |12.03) 5.75/1.97]|/S 5540) 7.50) 375 | 2.21 | 3.41)2.07/1.41 
5040) 50 | 3% | 4.87 | 9.94] 4.98/1.88]S 5040) 6.62) 23% | 1.95 2.72/1.741.37 
l 
A. R. A. Rarts—Trre A A. R. A. Sptict Bars—Typr A 
10020) 100 | 6 9.84 |48.94]15.04/2.75||S10020) 19.04] 423 | 5.60 |21.30|7 882.02 
9020| 90 | 554 | 8.82 [88.70)12.56|2.54||S 9020) 16.64) 4y% 4.90 |16.1016.36]1.91 
8020| 80 | 51% | 7.86 |28.80)10.24/2.31/1S 8020) 13.43) 338 3.95 |10.13)/4.57/1.72 
7020) 70 | 434 | 6.82 |21.05) 8.21/2.20]S 7020) 11.64) 33% 3.43 | 7.42)3.63)1.48 
6020) 60 | 41% | 5.86 |15.41) 6.50'2.13//S 6020 10.63 34% | 3.13 | 6.22)3.161.52 
A. R. A. Ratts—Tres B A. R. A. Sericr Bars—Trps B 
10030) 100 | 543 | 9.85 |41.30/13.70|2.63)/S10030) 16.92) 47% 4.98 |14.34)6 83 
9030) 90 | 53% | 8.87 |32.30)11.452.44)/S 9030) 14.42) 33% 4.24 |10.16/4.71]1.67 
8030) 80 | 438 | 7.91 25.10) 9.38)/2.27||S 8030) 12.65 35% | 3.72 | 7.703 59 
Lieut Raits Ligut Rau Spuice Bars 
4540) 45 | 334 | 4.40 | 8.13] 4.25/1.78]S 4540/5.80 | 238 1.70 1.29 
4040| 40 | 314 | 3.94 | 6.57) 3.62/1.68])/S 4040) 5.00 25% | 1.47 ere 
3540| 35 | 3a; | 3.44 | 5.17] 3.02)1.60//S 3540) 4.58 234 | 1.35 1.19 
3040| 30 | 3% | 3.00 | 4.06) 2.53)1.52/1S 3040) 3.97 PS | be EZ 1.10 
2540) 25 | 234 | 2.39 | 2.50) 1.77/1.33)/S 2540) 2.20 152 || 0.65 0.90 
9040) 20 | 2% | 2.00 | 1.94) 1.43/1.27)/S 2040) 187 | 133 “10°55 10.86 
1640} 16 | 234 | 1.55 | 1.24) 1.011.15)/S 1640 1.70 | 13% | 0.50 0.79 
1440) 14 | 22, | 1.34] 0.76) 0.73)1.02)/S 1440 1.36 | 133 | 0.40 0.65 
1240) 12 | 2 1.18 | 0.66) 0.630.96||S 1240) 1.36 14% | 0.40 0.65 
1040) 10 | 134 | 0.96 | 0.40) 0.460.87))S 1040 0.985) 144 | 0.29 0.56 
840) 8 | 12; | 0.77 | 0.26 0.320.75||S 3840 0.747| #3 | 0.22 0.49 
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CARNEGIE STEEL COMPANY 


MOMENTS OF INERTIA OF RECTANGLES 


In WipTHSs FROM 14 TO 5% 


Inco AND 1 INcH 


Neutral Axis Through Center Normal to Depth 


ae 1 
a This and the following table may be used in computing the 

Mements of Inertia of Plate Girders, Columns and other com- 

pound sections in which plates are used; see pages 172 and 173. 
tee Width, Inches 
So 
Be) a 
As My ts ¥ 18 % 16 8 1 

{| | 

1 021) -026 -031 037 .042 .047 052 083 
2 167 208) .250 292 333] 375 417 .667 
3 .563 -f03 -844) 984 1.125) 1.266) 1.406 2.250 
+ 1.333 1.667 2.000 2.333] 2.667] 3.000 3.333 5.333 
5 2.604 3:255) 3.906) 4.557 5.208 5.859) 6.510 10.417 
6 4.500 5.625) 6.750 7.875} 9.000) 10.125 11.250 18.000 
vi 7.146 8.932} 10.719} 12.505) 14.292 16.078 17.865 28.583 
8 10.667; 13.333] 16.000) 18.667] 21.333 24.000, 26.667 42.667 
9 15.188} 18.984) 22.781] 26.578} 30.375 34.172) 37.969 60.750 
10 20.833] 26.042) 31.250) 36.458) 41.667 46.875 52.083 83.333 
i, 27.729) 34.662) 41.594) 48.526) 55.458 62.391 69.323} 110.917 
12 36.000} 45.000, 54.000) 63.000) 72.000! 81.000 90.000) 144.000 
13 45.771} 57.214) 68.656} 80.099] 91.542) 102.984] 114.497 183.083 
14 57.167 71.458) '85.750) 100.042) 114.333) 128.625] 142.917) 228.667 
15 70.313) 87.891} 105.469] 123.047] 140.625} 158.203) 175.781 281.250 
16 85.333 106.667) 128.000) 149.333} 170.667! 192.000} 213.333] 341.333 
17 | 102.354) 127.943) 153.531] 179.120; 204.708) 230.297 255.885} 409.417 
18 | 121.500) 151.875) 182.250] 212.625] 243.000] 273.375 303.750} 486.000 
19 | 142.896 178.620) 214.344] 250.068} 285.792) 321.516 357.240] 571.583 
20 | 166.667; 208.333) 250.000) 291.667| 333.333] 375.000) 416.667 666.667 
21 192.938) 241.172) 289.406] 337.641! 385.875] 434.109 482.344! 771.750 
22 | 221.833) 277.292) 332.750] 388.208] 443.667] 499.125 554.583) 887.333 
23 | 253.479] 316.849) 380.219} 443.589] 506.958) 570.328 633.698] 1013.917 
24 | 288.000] 360.000) 432.000) 504.000] 576.000} 648.600! 720.000 1152.000 
25 | 325.521) 406.901) 488.281) 569.662] 651.042} 732.422] 813.802 1302.083 
26 | 366.167) 457.708} 549.250) 640.792] 732.333] 823.875] 915.417 1464.667 
27 | 410.063} 512.578] 615.094] 717.609] 820.125] 922.641 1025.156) 1640.250 
28 | 457.333) 571.667) 686.000) 800.333) 914.667] 1029.000 1143.333) 1829.333 
29 | 508.104) 635.130) 762.156) 889.1821016.208] 1143.234 1270.260] 2032.417 
30 | 562.500) 703.125) 843.750) 984.375'1125.000) 1265.625 1406.250; 2250.000 
32 | 682.667) 853.333/1024.000|1194.667)1365.333] 1536.000 1706.667| 2730.667 
34 | 818.833)/1023.542/1228.250/1432.958|1637.667| 1842.375 2047.083) 3275.333 
36 972.000|1215.000 1458.000}1701.0001944.000 2187.000) 2430.000] 3888.000 
38 /1143.167/1428.958)1714.750/2000.5422286.333] 2572.125 2857.917| 4572.667 
40 |1333:333/1666.667/2000.000:2333.3332666.667 3000.000) 3333.333] 5333.333 
42 |1543.500/1929.375/2315.2502701. 1253087.000| 3472.875| 3858.750| 6174.000 
44 |1774.667/2218.333/2662.000/3105.6673549.333 3993.000] 4436.667| 7098.667 
46 |2027.833)/2534.792/3041.75013548.7084055.667 4562.625| 5069.583) 8111.333 
48 2304,000'2880.0003456.000/4032.0004608.000 5184.000} 5760.000} 9216.000 
50 [2604.1673255.208 3906.2504557.2925208.333 5859.375| 6510.41710416.667 
52 2929.333)/3661.667 4394.00015126.3335858.667 6591.000) 7323.33311717.333 
54 3280.500'4100.625 4920.750/5740.8756561.000 7381.125) 8201.25013122.000 
56 3658.667|4573.333 5488.0006402.667,7317.333 8232.000| 9146.66714634.667 
58 |4064.833|/5081.042 6097.250 7113.4588129.667| 9145.875/10162. 083 16259.333 
60 |4500.000'5625.000.6750.000 7875.0009000.000)10125.000 (11250. 000, 18000. 000 
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ELEMENTS OF SECTIONS 


MOMENTS OF INERTIA OF RECTANGLES 
In Wiptus or 1 Incu 


Neutral Axis Through Center Normal to Depth 


1 1 
To obtain the Moment of Inertia of any rectangle, multiply 
the tabular value for itsdepth by its width ininches, For deeper 
rectangles of tabular thickness, multiply the tabular values for 
half their depth by 8; or for one-third their depth by 27, etc. 
aa = iS \\ es - ° 
qe a2 q 2 a2 a2 pea 
secs Ty -- 533 tor eee) er eS) ae ea ee) en 
Be Inches # Es Inches + ee Inches + Ee Inches 4 Be Inches 4 Be Inches + 
= \ = 
O -000 6 18.000 (12 144.000 | 18 | 486.060)24 |1152.000)80 [2250.000 
Y% .000 | 4%! 19.149), 14)148.547] 14) 496.195) 141170.094) 142278.243 
14 .OO1 VY) 20.345 14\153.189 #4| 506.533] 14/1188.376) 14/2306.721 
3% 004 34] 21.590 34] 157.926 8g) 517.012] 34/1206.848] 34/2335.434 
i 010 | 22.885 46|162.760 || 14] 527.635) 4)1225.510] 14/2364.385 
48 .020 bg| 24.231 54) 167.692 54) 538.403] 5411244.364|| 54/2393.575 
34 .035 34| 25.629 34/172.723 84| 549.317] 34/1263.410) $4/2423.004 
KB 056 Z| 27.079 KB) 177.853 4) 560.376]| %/1282.650]) 14/2452.674 
ail .083 7 28.583 | 13 (183.083 i9 | 571.583/25 |1302.083/31 2482.583 
4% .119 | 30.142 14| 188.416 V| 582.939] 14)1321.713] 14)2512.737 
yy .163 | 31.757 144| 193.850 | 594.444) 14/1341.538] 14\2543.132 
3% 217 34| 33.428 $4| 199.389 34) 606.099] 34/1361.561] 84)2573.771 
iy +281 | 35.156 14|205.031 14) 617.906] 14/1381.781]) 14)2604.656 
5% 358 54| 36.944 54|210.779 54] 629.866] 54/1402.202]| 54|2635.787 
34 A447 34] 38.790 34/216.634 84| 641.978] 34)1422.821] 34/2667.165 
% 549 iB| 40.698 1K\ 222.596 i4| 654.245] 341443.644 742698.792 
2 .667 8 42.667 14 | 228.667 20. 666.667 26 |1464.667||32 |2730.667 
a .800 14| 44.698 14| 234.847 1e| 679.245] 14/1485.893 4% 2762.792 
Wy 949 | 46.793 14) 241.137 44) 691.840] 14/1507.324), 14/2795.168 
34; 1.116 34| 48.952 34| 247.538 34| 704.874] 34/1528.961|| 34/2827.797 
¥%| 1.302 %| 51.177 14) 254.052 V| 717.927|| 1461550.802] 14/2860.677 
54| 1.507 5%) 53.468 54| 260.679 54| 731.141] 5/1572.851] 5¢2893.812 
34 1.733 34| 55.827 34| 267.421 34| 744.514] 34/1595.108 34/2927 .202 
1% 1.980 B| 58.254 14| 274.277 | 758.051) 761617.575 74/2960.849 
oo 2 2509 60.750 ]15_ 281.250 21 | 771.750/27 1640.250/33 |2994.750 
1 2.543 Z| 63.317 14) 288.340 | 785.613] 141663.136 14'3028.911 
‘3 2.861 14 65.954 YW 295.548 | 799.652 411686.236 143063.329 
34; 3.204 34) 68.665 34|302.875 34] 813.836] 34|1709.547 363098.009 
| 3.573 | 71.448 14/310.323 1g| 828.198] 141733.073 443132.948 
54| 3.970 §4| 74.305 §4/317.891 &%| 842.727] §1756.814 543168.150 
34, 4.395 34) 77.238 34} 325.582 34| 857,.426]| 34/1780.770 34 3203.614 
7Z| 4.849 || %| 80.247 || 74|333.396 ||_74| 872.294] _761804.943]__763239.341 
4 5.333 ||10 83.333 |116 | 341.333 ]22 | 887.333]28 [1829.333 34 |3275.333 
L 5.849 | 14) 86.498 14| 349.396 14| 902.545] 141853.943 143311.592 
is 6.397 6 89.741 14 357.585 || 14| 917.928] 14/1878.773 443348.117 
34 6.978 3%| 93.064 34| 365.900 34| 933.486] 341903.823 ¥3384.909 
| 7.594 14| 96.469 14|374.344 14! 949.219] 14/1929.094 4¥33421.969 
§%| 8.244 54) 99.955 541382.916 54] 965.127] 541954.588) 96 38459.300 
34| 8.931 34| 103.525 34|391.618 34| 981.212] 341980.305 343496.900 
| 9.655 74| 107.178 74| 400.452 i4| 997.475 1% 2006.249 14)3534.772 
ao 10.417 11 |110.917 |17 |409.417 23 |1013.917/29 2032.417 85 18572.917 
V/| 11.218 || 14/114.741 || 14/418.515]| 14 1030.538] 142058.811]) 143611.334 
is 12.059 6 118.652 1 427.746 4 1047.340 142085.434 443650.027 
3%| 12.941 34/ 122.652 34/437.113 34/1064.323 34 2.112.285 363088.994 
| 13.865 Je| 126.740 4/446.615 41081.490 1442139.365 4333728 .240 
34) 14.832 54/130.918 54/456.253 541098.839] 5<42166.676 543767.763 
34| 15.843 34) 135.186 34|466.030 34/1116.374|| 342194.218) 24,.3807.561 
%\ 16.898 74) 139.547 14| 475.945 741134.094| 7%2221.992 Ys 3847641 
6 | 18.000 [12 | 144.000 |[18 |486.000 [24 |1152.000/30 [2250.000/36 [8888.000 
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HOLLOW ROUND SECTIONS 


AREAS AND Rapit OF GYRATION 


Area= 227") _ 0.7854 (D2-d2) sq. in. 
2 a 
Radius of gyration = a in. 
Dia. 2 Thickness in Inches 
Inches 2 Y% | 540| $6 | 45 | 56 | 84 | % | 1 | 146) 144] 186 | 114] 158 | 184] 1% 
| 
2 | A | 137, 1.66 | A 4 
I PA ee ee el ee ae SE aa 
4 TA | 246) 2.64 | pall 2s es 
r | 0.98 a ae a | ee el |e 
A | 2.95) 3.62) 4.27] 5.50 a z ; 
© |e 4334.31) 429) 1.25 fae Se ee SE as a | 
~ | A | 8.73) 4.60 5.45) 7.07] 8.5910.01 | | 
° | | 4.68! 4.66) 1.64) 4.60) 1.56 i Ses a ee el Pe ee 
“A | 452) 5.58) 6.63) 8.64 10.5512.37)/14.0915.71 
8 Fe fpoal 201 1.99) 1.95] 1.91] 4.88) 184 480 |_| || 
_ | A | 5.30] 6.57] 7.8010.21/12.52114.73) 16.84|18.85|20.76 22.58 | 
__| + | 2392.37) 2.35) 230] 227] 223) 219] 215 212 208 | |_| || 
, | A | 6.09] 7.55) 8.98|11,78/14.48117,08| 19.59 21,99 24.3026,51) 28.62) 30.63 
S | | azal 2 rele. 70l 2.66) 2.62] 2581 2541 250 2.46 2.43 2.39 2.36) || 
“A | 6.87] 8.5310.1613.3516.44 19,44| 22,33 25.13 .27.83190.43) 92.941 25.341 Sys 80 a8 as 
9 _ | B09) 8.07| 8.05) 3.01) 2.97) 2.931 2.80 asl 281 aval ara 2.70] 2.67] _ 2.64 
,  |_A | 766) 9.51/11.34/t4. 9218.41 21.79 25,08|28.2731.57134.361 87.261 40.08 4a 76l deal ayee 
10 | /348 3.43] 3.41| 3.36 3.92 a8 324 3.20) 3.16) 3.13] 3.09} 3.05) 3.02) 2.981 2.95 
iy | A | 84 10-4912.52 16-49 20.3724.15 27,83)81.42'34.9038.29] 41.58) 44.77) 47.86) 50.85) 53.75 
r_| 3.80 3.78| 3.76 3.72} 3.67 3.63] 3.59] 3.55] 3.51) 3.48| 3.441 3.40| 3.36, 3.931 3.29 
12 | A_| 923 11.47 13.70/18 06 22.33|26.51| 30.58 34.56 38.44141.25) 45,001 40,48) Be. o7\ 50-3! 50.64 
—_|_©_| 4.16] 4.13] 4.11] 4.07] 4.03] 3.99| 3.95) 3.94] 3.87] 3.83] 3.79 3.75) 3.7i| 3.681 3.64 
13 | A |1001 £2.40114.87'19,63 24.30)28.86 33.3837.7041.9746.14| 50.291 6419] BROT G1aSl GSEs 
|__| 451] 4.49] 4.47) 4.42] 4.38) 4.34) 4.30) 426 4.22] 418) 414 4410) 406 4.09) 5.99 
14 | A |{0-8018.44'16-05 21.21 26.26/31 29} 36,08|40.84/45,50150.07| 64.541 58.911 63.18) 7-35 Tas 
—t_} 486 484) 482) 4:78) 4.73) 4.69) 4.65) 4.61) 4.57] 453|_ 449 4.45) 4.41) 4.98) 4.84 
15 | 7A |11.5814.42117.23) 22.78 28.23 33.58) 38.88 43.98 49,04 54.00] 58.86) 63.62 68.28 72.951 7731 
|_| 228 5:19} 5.17] 5.13} 5.09) 5.05) 5.00] 4.96 4.92] 4.88) 4.84) 4.80) 4.76) 4.73) _ 4.69 
16 | A }12.8715.4018.4 124.85 20.19 36.03] 41.58 47.12 52.57/57.92| 63.18) 68.93) 73.391 78.34) 83.20 87.57 
| _|5.57] 5.55] 5.53} 5.48) 5.44) §.40)_6.36 5.32 5.27] 5.23) 5.19) 5.15 5.11} _5.08)_ 5.04 _5.00 
17 | A_/18:16 06.3811 9.50/25.92 32.15) 38,29) 44.33150.27 56.1161.85| 67.50] 73.04 78,49) 83,84) 89.001 94.95 
—t_} 5.02) 5.90) 5.88) 5.84) 5.79) 5.75) 5.71) 5.67] 5.63] 5.59 5.58|_ 5.51| 5.47 5.43] _ 5.39] _ 5.35 
1g | A_}18.9417.3620.76)27.49 34.12 40.64) 47.07 53.41 59.64 65,78 71.82) 77.75 83,60 69.34) 94.98100.58 
—t_| 6.28) 6.25) 6.23 6.19] 6.15] 6.10) 6,06) 6.02] 5.98] 5.94!” 5.90] 5.86) 5,82 5.78)_5.74|_5.70 
19 | A |14:7318.35,21.94/29,06'36.08 43,00 49.82 56.55 63.18 69.70) 76.13] 8247/ 88.701 9484110087100 80 
—1_| 6.63) 6.61) 6.59] 6.54 6.50] 6.46] 6.42] 6.37] 6.33] 6.24 6.25] 6.24] 6.17 6.13) _6.09)_ 6.05 
20 | AA /1.5119.33/28.12 30.63'38.04/45,36 52.57 59.69(06.71 73.63) 80.45] 87.18) 93.81 1003310677 113.10 
T © 6.98; 6.96) 6.94! 6.90] 6.85) 6.81) 6.77| 6.73) 6.69 6.64 6.60| 6.56’ 6.52 6481 644\ 640 
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ELEMENTS OF SECTIONS 


HOLLOW SQUARE SECTIONS 


AREAS AND Rapit oF GYRATION 


Area == D?—d? sq. in. 


Radius of gyration= eae boy 
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RADII OF GYRATION FOR TWO EQUAL ANGLES 


Single Angle ra } Radii of Gyration, Inches 
‘ | Axis 2-2 
ioe Pounds | one go PAtsIA In lyn 34" Apart 14” Apart 34” Apart 
EES per Foot | none | Contact | Apart?’ g” Apart/4” Apart74” Apart 

& x § xi 56.9 33.46 2.42 3.42 SOL 3.55 3.60 3.69 
a 42.0 || 24.68 2.46 | 3.37 | 3.46 3.50 3.55 3.64 

%| 26.4 | 15.50 2.50 | 3.383 | 3.41 | 3.45 3.50 ee 

Gax Grex 1) 374 22.00 Le8OF a 52259 2.68 | 2.72 2.77 2.8 
tg] 26.5 | 15.56 | 1.83 | 2:54) 2.65. | 82.67 2.71 2.81 
3} 14.9 I 8.72 1.88 2.49 2.58 | 2.62 2.66 2.75 

5 x 5x1] 30.6 | 18.00 1.48 | 2.19 2.28 ioe 2.38 2.47 
44) 21.8 | 12:80 | 1.31 | 2.13 | :222 } 296 | 231 |) 240 

3% | 12.3 7.22 1.56 2.09 i 217 + 2.21 | 2.26 2.35 
4x4x}}/ 19.9 11.68 1.18 LIS, oh leSo 1.89 | 1.94 2.04 
4| 6.6 | 3.88 1.25 1.66 | UE(dey 8) Alera) | 1.84 : 1.93 
344x3146x}3| 17.1 || 10.06 1.02 1.55 1.65 | 1:70 | 1-75 1.85 
‘ ‘ Yj 5.8 3.38 1.09 1.46 | eos | 1.59 | 1.64 1.73 
$x 3 x 11.5 6.72 0.88 Lee, | 1.41 j 1.46 Lod 1.61 
Y% 4.9 2.88 0.93 1.25 1.34 1.38 | 1.43 1.53 
214%x2l6xl Cat wll aoO | 0.74 1.09 | 1.19 | 1.24 1.29 1.39 
Vy 41 | 2:38) O27 1.05 | de ee Feed Fea 1.24 1.34 

Dx eR 5.3 3.12 0.59 0.88 0.98 | 1.03 1.08 1.19 
V4 3.19 || 1.88 0.61 0.85 0.94 0.99 1.04 1.14 


This table and the two following are employed in computing the safe 
resistance to compressive stress of two angles, back to back, used as a strut 
or as the compression chord of a roof truss, etc., as follows: 

Obtain from the compression formula in use the allowed stress per square 
inch corresponding to the ratio of slenderness of the section, and multiply 
that value by the area. The result will be the allowable compressive stress. 

Example 1. Section given. Required the safe load in compression as per 
formula f=19000— 100 ir on a strut composed of two angles 4” x 4” x 14’, 
back to back, with an unsupported length of 9 feet. 

Area of Section, A=38.88 square inches; Least Radius, r—1.25. 

Ratio of Slenderness, l/r = 9 x 12+1.25—86.4. 

Allowed Unit Stress, f= 19000—100 x 86.4 = 10360 pounds per square inch. 

Safe Load, Af=3.88 x 10360=40200 pounds. 

Example 2. Stress given. Required a section for a member in compression 
12’ 3’ long, made of two angles separated by 14 inch gusset plates, to resist a 
total stress of 35000 pounds; ratio of slenderness not to exceed 120. 

Assume 2 angles, 5” x 3’ x 549’’, long legs, back to back. 

Area of Section,A=4.80 square inches; Least Radius, r=1.26 inches. 

Ratio of Slenderness, l/r =12.25 x 12+ 1.26=116.7. 


Allowed Unit Stress, f= 19000—100 x 116.7= 7330 pounds per square inch. 
Safe Stress, Af =4.80 x 7330 = 35200 pounds. 


In the first case the least radius is that about axis 1-1; in the second case 
about axis 2-2; in all cases the least radius determines the ratio of slenderness 
and therewith the allowed safe compressive stress. In all cases also the two 
angles are to be secured together by stay rivets so spaced as to insure that the 
section acts as a unit. The ratio of slenderness of any single angle between 
rivets must always be less than that of the strut or compression chord. 
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ELEMENTS OF SECTIONS 
RADII OF GYRATION FOR TWO UNEQUAL ANGLES 
Long Legs Vertical 


) > 
a OnO NMA OMS ANO OOS HN FAO YMM BO OM 9M CDM MM NOM OM 100 
Z| SOK HHH SHA YH OSH 2H NH +9 OF NO Ot OH AA A AO AS 
= ANA SO i AO ce ee ee nn ee ee Dn Be Be ee Be 
LX 
2 = 
Sl paw wan Oth A2MK CON HM HO RO HO BO 19M OM MM 21H OM WO 
<< Dige# HOOD LO SOD Reo Od Ory OO MAN TWH OO WH Oe AI AR OD OF 
~ NAAN FARA AA SN Ae Se AS OS SS RS RA RR A Ae HO HO 
Xa 
na oN 
R oN 
dia = 
Ald] B] nmm CHO 19M HON BOHR CO ON AN OO HD OM 1TOH DRA OM HHO OM 
A) al | mat HON HH HOO wri DE OH NN OA OH HAN WM HO AT OH OG 
g § N ANN AA Ads Ae Ae Ae Ae A Ae Ae Ae Ae ae AM OO COO 
B = 
3 ines 
Bs 5 
6 toy MHD OP ONO OMO BHD OO He Be AN On OH OD MH OD QW HoH 
= aq} Wx CONN HNN OOwWM Wt NO Ot AT YN 1919 AN HN FO HO HM 2H 
to) > NAN FAA AAA AAA RA A A Re a Re Rs A AA Ae COO OO 
iS S 
s > 
ma S| M19 OO WINS O100 wo) © NM OD HM ON 00 OO MN HO Ot HO 
AS mdm AAG MAN OH MMA OO HM HOA OH AG MN O@ CS’ HY HM 
8 NAAN AAA AA SRA AAA A SR A AN A A HO HH COO OO 
4 
aI DOO POD OMY WOM O]D19 AMD Me. OT OH OO FH HA ON FID NM 10H 
eB HH) ODD. ANA OND DHNH 1919 190 90 MH AN AN OCF OF OF ORD NN 
3 ANN ANN ANN Wnt ANN Ae AA A As AA An AA FH COO COO OO 
2 -D SHO OND OOS SON ONH NGO HN WO OO OO OW HN OW OY OW ON 
eo 8.3 SOON SHO OHO CON SCAN AY MH OM MH O19 ON AH MM 190 HM SH 
Ase aS ODMH HOD OMN~ AAY KNW TWO MO nt Ot OW OM OM RN DON HN HN 
< iS Ann A a4 I ao ~ _ = = = = 
= 
508 nN 
4 
| sae ADA BIH MOS O©NM MOM NO NH AN Oh Oh AH WH 19M 19.9 RH WOO 
mo Oat Bre HOO 1OrMO AMM CAN DOD TWH ANH OO OF OW 1H 190 AH Ot RH OF 
|} o Sas HON MAN MANM NNT ANN An AN ial bon! Pl ri om rm 
Sse 
a mf ri ot \o Kc ka 
|< | TORU RR RRR GR SR SR Ree Se Shee 
4 -2 tal Na a ta Rat ca Ke ta ia 
1.8) 83 | «© oN aN H A ~ Nom © 
teal Bits oD ag) oD oD 
is 4 ‘K al * “ tal ‘a ta a 
AN 
ca) ic) i © © 19 Ya) Ye) a 


201 


CARNEGIE STEEL COMPANY 


RADII OF GYRATION FOR TWO UNEQUAL ANGLES 


Short Legs Vertical 


|-%4 to Va 

SS | e z 

1 1 

2! 
Single Angle eae | Radii of Gyration, Inches 
‘ Weight, | , | Axis 2-2 
fous Ponnce, pos | Axis 1-1 In 1WALd Apart3</’ Apart 4” Apart!3¢’” Apart 
ype oot || | Ganache vs + 7 A 

8x6x1] 44.2 26.00 ey 3.64 Soke 3.78 3.83 3.92 
34} 33.8 || 19.88 EG 3.60 3.69 3.13 3.78 3.87 
ws| 20.2 11.86 1.80 3.55 38.64 3.68 3.73 3.82 
8 x344x 1] 35.7 21.00 0.86 4.04 4.14 4.19 4.24 4.34 
34 20.5 16.12 0.88 3.99 4.09 4.13 4.18 4.28 
ve| 16.5 9.68 0.92 3.93 4.02 4.07 4.12 4.22 
be S35G 1 (3233 19.00 | 0.89 3.48 3.58 3.63 3.68 3.78 
12} 23.0 13.50 || 0.92 3.42 3.02 3.57 3.62 3.72 
3g| 13.0 7.60 | 0.96 3.36 3.46 3.50 3.55 3.65 
6x 4x1] 30.6 18.00 1.09 2.85 2.95 2.99 3.04 3.14 
44} 21.8 12.80 | 1.13 2.79 2.89 2.93 2.98 3.08 
3g] 12.3 oe TAZ 2.74 2.83 2.87 2.92 3.02 
6 x314x 1| 28.9 17.00 || 0.92 2.92 3.02 3.07 3.12 3.22 
+4) 20.6 12.12 0.95 2.87 2.96 3.01 3.06 3.16 
t| 9.8 5.74 1.00 2.81 2.90 2.95 3.00 3.09 
5x4 x%\| 24.2 14.22 1.14 2.29 2.38 2.43 2.48 2.58 
3%} 11.0 6.46 | 1.20 2.20 2.29 2.34 2.38 2.48 
5 x3144x%| 22.7 13.34 0.96 2.36 2.45 2.50 2.55 2.65. 
To 8.7 5.12 1.03 2.26 2.30 2.39 2.44 2.54 
5 x 3 x33] 19.9 11.68 0.80 2.42 2.52 2.57 2.62 242 
ts| 8.2 4.80 0.85 2.33 2.42 2.47 2.52 2.61 
414x 3 x33} 18.5 10.86 || 0.81 2.15 2.25 2.30 2.35 2.45 
Tu Cine 4.50 0.87 2.06 2.15 2.20 2.25 2.34 
4 x3 xi3 18.5 10.86 | 1.01 1.81 1.91 1.96 2.01 2.11 
Ts (GG 4.50 1.07 1.73 1.81 1.86 1.91 2.00 
4%.3 x32 ilgfell 10.06 0.83 1.88 1.98 2.03 2.08 2.18 
4 5.8 3.38 0.89 1.78 1.87 1.92 1.96 2.06 
34x 3 x29] 15.8 9.24 0.85 1.61 lerdal 1.76 1.81 1.91 
M4 5.4 3.12 0.91 12 1.61 1.65 1.70 1.80 
3 16x2 4x ig| 12.5 7.30 0.69 1.66 Rees) 1.80 1.86 1.96 
’ 4 4.9 2.88 0.74 1.58 1.67 ei 1.76 1.86 
3 x216x 3% 9.5 5.56 0.72 ilsy¢ 1.46 151 1.56 1.66 
4 4.5 2.64 0.75 1-3L 1.40 1.45 1.50 1.59 
oe 2s Lints 4.50 0.55 1.42 1.52 eae 1.62 1.72 
4 4.1 2.38 0.57 1.38 1.47 152) 1.57 1.67 
2x 2 x4 6.8 4.00 0.56 eS fe25) 1.30 1.35 1.46 
4% 3.62 2.12 0.59 ialal 1.20 5) 1.30 1.40 
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FLEXURE FORMULAS 


STRESSES IN BEAMS 


In the application of the principles of structural mechanics to 
determine what sections should be used safely to sustain super- 
imposed loads under specified conditions of loading, it is necessary 
to ascertain, first, the effects produced on the structure by the loads 
under those conditions; second, to decide what unit strength the 
material, the use of which is contemplated, has to resist the stresses 
produced within the structure by the loading; and, third, to select 
a section whose section modulus is equivalent to the ratio found to 
exist between the stresses tending to cause deformation within 
the structure and the unit strength of the material to resist them. 

Reactions. In the simple case of a beam supported at both ends, 
each support reacts with an upward pressure called the reaction 
of the support. The sum ofthese two reactions is equal to the total 
load on the beam. 

Shear. The loads and the reactions of the supports are vertical 
forces tending to shear or cut the beam across and the stresses 
they produce within the beam are, therefore, called shearing 
stresses. The shear at each support is equal to the reaction of 
the support; the shear at any point between the supports is equal 
to the reaction of a support less the total load between that 
support and the point; or, if the reaction acting upward is 
considered as positive and the loads, acting downwards, as 
negative, the shear at any point is the algcbraic sum of the 
vertical forces acting on the beam between that point and either 
support. 

If such a simple beam supported at both ends carries a load 
uniformly distributed over its entire length, the reaction and the 
shear at each support is equal to one-half the total load on the 
beam, but the shear decreases uniformly to zero at the center of 
the span; if the load is concentrated at the center of the span, the 
reaction and the shear at each support are also equal to one-half 
the total load, but the shear is uniform throughout the entire 
length of the beam. 

Bending Moment. The loads on the beam and the reactions of the 
supports constitute external forces which produce bending stress in 
the beam. The summation of the moments of the external forces 
about any point is called the bending moment and varies from 
point to point. It attains a maximum value at a point where the 
shear is either zero or changes from positive to negative or vice 
versa. If the loads are concentrated at several points, the maxi- 
mum bending moment always occurs at the point of application of 
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one of the loads so located that the sum of all the loads on the beam 
between one support up to and including that load is equal to or 
greater than the reaction of the support. 

Vertical Deflection. Bending stress within a beam produces flexure, 
and the deflection, or the amount of its departure from a straight 
line, is the measure of the deformation which the beam has under- 
gone in its resistance to bending stress. So long as the stress is 
within the safe limits allowed for the material, the deflection is 
negligible so far as concerns the beam itself; it may, however, be 
of sufficient magnitude to cause the disruption of other materials 
in contact with or supported by the beam but of less strength, such 
as plaster. In such cases the limit of allowable deflection may 
determine or at least influence the choice of a section. 

Lateral Deflection. The stresses within a beam under transverse 
loading are compressive on one side of the neutral axis and tensile 
on the other. The tensile stresses tend to hold the beam in a 
straight line between the supports, while the compressive stresses 
tend to deflect it in a lateral direction, just as the bending stresses 
as a whole tend to deflect it in a vertical plane. On long spans 
unsupported against sidewise deflection, this consideration may 
influence the choice of sections. 

Method of Computation. A complete investigation of the strength of 
beams under transverse loading must take into account all the 
elements, the bending moment, the vertical deflection, the lateral 
deflection and the shearing stress; though under the usual loading 
conditions the first alone determines the size and weight of section. 

In the calculation of bending stresses, the loads are usually 
expressed in pounds, the span length and the distance between the 
loads in feet; the resulting bending moments are in terms of foot 
pounds, which necessitates conversion to inch pounds before the 
section can be selected from the tables. The section modulus of 
the required section is obtained by dividing the maximum bending 
moment in inch pounds by the allowed fiber stress in pounds per 
square inch. In such calculations it is assumed that the neutral 
axis of the section is normal to the line of action of the load. When 
this is not the case, correction must be made for the eccentricity 
of the loading. 


In the pages which immediately follow are given general formulas 
for the bending moments and vertical deflections of beams under 
the usual conditions of loading, and also diagrams illustrative of 
those conditions. The general method for the computation of the 
maximum bending moment of a beam supported at its ends and 
loaded at various points is as follows:— 
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First. Find the reaction at the left (right) support by multi- 
plying each load by its distance from the right (left) support and 
dividing the sum of these products by the length of the span. 


Second. Starting from the left (right) end of the beam, add the 
successive loads until a point is reached where the sum of the loads 
equals or exceeds the reaction of the left (right) support; the point 
of maximum bending moment is located at this point. 


Third. Multiply the reaction at the left (right) support by its 
distance from the point of maximum bending moment and subtract, 
the sum of the products of all loads to the left (right) of this point 


by the corresponding distance from this point; the difference. | 


between these moments is then the maximum bending moment. 


Ly ees a esi (pes Example: Required the size of a 


steel beam to support the following 


quiescent loads over a clear span of 16 


fiber stress not to exceed 16000 pounds 


per square inch. 
W,i=16000 pounds, 4 feet from left support. 


We= 18000 46 9 “eé ae ce oe 
Ws3= 2000 . per foot, uniform up to 4 feet from right support. 
Wi= 60 ee «© assumed weigut of beam uniformly distributed 


over entire span. 


16000 x 12 + (60 x 16)8 aw x7 + (2000 x4) x 2 91355 Ibs. 


Left Reaction, 


Right Reaction, 
Sum of reactions—sum of loads=W, + W, + Ws + W,4 =42960 lbs. 
Points of maximum moment (60 x 4) + 16000 = 16240 < 21355 
(60 x 9) + 16000 + 18000 = 34540 > 21355 

therefore the point of maximum bending moment is at point of load We. 
Maximum bending moment, 21355 x 9-16000x 5-(60x9)x4.5 =109765 ft. lbs. 


or, 21605x7-(2000x4)x5-(60x7)x3.5 =109765 ft. lbs. 


c é 109765 x 12__ 1317180 _ 
Required section modulus = —— aay =76000 =82.4 


As the section modulus of the 15 inch 65 pound or the 18 inch 55 pound 
beam is greater than this, either of these sections may be used. If it is decided. 
that the 18 inch 48 pound supplementary beam is strong enough for the 
purpose, the actual fiber stress on that section would be 1317189 — 16082 


pounds per square inch. If the allowed fiber stress were 12500 pounds per 


3 10976. 12__ 1317180 
square inch, the required section modulus would be f anaes ="72500 


105.38 and the permissible minimum sections would be 20 inch 65 pound, 21 


inch 60.5 pound beams, etc. 
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NOTATION USED IN FORMULAS 


A =Area of section, in square inches. 

n =Distance from center line of gravity toextreme fiber, in inches. 
I Moment of inertia about center line of gravity, In inches‘. 
Ms=Static moment, in inches’. 

S =Section modulus=I/n, in inches’. 

r =Radius of gyration=1I/A, in inches. 

f =Bending stress in extreme fiber, in pounds per square inch. 
fp =Resistance of web, in pounds per square inch. 

E =Modulus of elasticity, in pounds per square inch. 

L =Length of section, in feet. 

1 =Length of section, in inches. 

d =Depth of section, in inches. 

b =Width of section, in inches. 

t =Thickness of section, in inches. 

W, W1, W2=Superimposed loads supported by beam, in pounds. 


W —Superimposed load, in pounds per unit length or area. 
W max =Maximum safe load at point given, in pounds. 

1g IR =Reactions at points of support, in pounds. 

Vv =Vertical shear, in pounds. 

M, M1, Mo=Bending moments at points given, in inch pounds. 
M max =Maximum bending moment, in inch pounds. 

Mr —=Maximum resisting moment, in inch pounds=fI/n=f §. 
DD; =Deflections at points given, in inches. 


D max =Maximum deflection at point given, in inches 


206 


\PLEXURE FORMULAS 


COMPARISON OF VARIOUS LOADING CONDITIONS 


The formulas and diagrams on pages 208 to 211 give the various 
stresses in sections used as beams, resulting from usual conditions 
of loading. 

Taking as a unit of comparison a uniformly distributed safe load 
on beams of equal length and section, supported at the extreme 
ends, the following table gives the relative maximum safe loads 
or bending moments and deflections. 

As a check on the accuracy of a computation, the safe load 
obtained from the formula for any condition of loading may be 
multiplied by the reciprocal given in the table corresponding to 
such loading condition; the result should be the maximum allowable 
uniform load as taken from beam safe load tables. 


Maximum Safe Maximum 
: | Load Deflecti 
Conditions of Loading No fe See 


Relative | Reciprocal | Relative 


Beam SUPPORTED AT ENDS 


Load uniformly distributed over span IX | a 1 | 2 
Load concentrated at center of span Vv VY y 310) 
Two equal loads symmetrically concentrated) VII | 1/4a 4a/I 

Load increasing uniformly to one end px 9743 1.0264 976 
Load increasing uniformly to center XIL 34 11% .96 
Load decreasing uniformly to center XI 36 2% 1.08 


Bram FIXED av One END, CANTILEVER 


Load uniformly distributed over span Il VY 4 2.40 
Load concentrated at end if VQ 8 3.20 
Load increasing uniformly to fixed end Til 36 22% 1.92 
Beam Continuous over Two Supports 
EQuipIsTANT FROM ENDS 

Load uniformly distributed over span XVI 

1. If distance a >0.2071 1 2/4a2 | 4a2/12 

2. If distance a <0.2071 1 =) is 

3. If distance a =0.2071 1 5.8285 .1716 
Two equal loads concentrated at ends xXxV 1 [4a 4a /1 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
BENDING MOMENTS AND DEFLECTIONS 


I. CANTILEVER BEAM—Concentrated load at free end 


Ry (max. shear) == Wi 

M, distance x = Wx 

Mmax, at Ri = WI 
D W max. == & 
WwW D max. = Mt 


Il. CANTILEVER BEAM—Uniformly distributed load 


pnt Ri (max. shear) = W 
Paice ves W x2 
M, distance x =o 
M max. at Ry = 
OFfQ 
W max. = 2 2 
Dmax. = aa 


If. CANTILEVER BEAM—Load increasing uniformly to fixed end 


" Ri (max. shear) =: W 
M max. . W 3 
nN = ——~* 
M, distance x = 
' =a 
i Ae ee ooeee a M max. at Ry a ae 
1 W max. = = 
W138 
D ake = 
max I5EI 


ey. H R(max. shear if b>a) = we 
M'max Ww 
: a Ri (max. shear if a>b)= —* 
ates denarii M, distance x =e 
pe wab 
-V3{a+ 2b , M max., at point of load= ae 
ae =e 
W max. = 5 
hana __Wab (a+2b) V3a (a+2b) 


en 


27HI1 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
Benping Moments AND DEFLECTIONS 


(| | . M max. ® (max. shear) =R4 = x 
A | x 
i : foe M, distance x SEs 
> 


Mmax., at point of load = 


a 
NS 
Hee 


I 


4 
W max. = eS 
wis 
D max. = Z8hI 


VI. BEAM SUPPORTED AT ENDS—Two unsymmetrical concentrated loads 


= Wat) 
= “ (l+a-b) 
M, distance a = Ra (at) 
Wb 
M, max., distance b (b>a) = Rib 5] (i+a-b) 
W 
Mae, distance x = Rx-—5-(x-a) 
2 eS 
W max. (b>a) Seer ees) 


VI. BEAM SUPPORTED AT ENDS—Two symmetrical concentrated loads 


HD teh, x W 
Al | M'max. R (max. shear) =Ri ——5c 
Y . Wx 

oF M, distance x S55 


| | | | 2 
ee oe Wa 
p--a-—9 k--a-—4 M max.atand betweenloads= —y 
2ts 
W max. aa 
D max. = et (8412—a2) 
Vill. BEAM SUPPORTED AT ENDS—Three concentrated loads 
. =) ice , i a Wb+ Wabut Wabs 
: | =e Wat Wait Weaae 
tw J ees a 181 2a2 
ie H i i Ri | a nae 
ag eee ph eae 7 M at W == Ra. 
‘ oa M max. if W =or>R 
Mat Wi = Ray—-W(a1-@) 
M max. if Wit W =Ror>R 
M max. if WitWe = Rior> Ri 
Mat We = Rag-W (ag-a)-W1 (a2-a1) 
=Ruior> Ri 


M max. if We 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 


Benpina Moments AND DEFLECTIONS 


IX. BEAM SUREORT EY AT ENDS—Uniformly distributed load 


R(max. shear)=R, = We 
M, distance x = bi a--) 
M max. at center = wi 
W max. = as 
—. biwils 
D max. ~ 3841 


R = 


H Ri(max. shear) == 


M'max. ; Wx = 
; M, distance x Aas (1=43>) 
1v3 ‘ 

M max., distance : = ALLS 

9 V3 

? 27fS 

W max. 21 v3 
_ .013044 W1s 
D max. =r 


XI. BEAM SUPPORTED AT ENDS—Load decreasing uniformly to center 


R(max. shear)=R, = We 
M, distance x = Wx (4-425) 
M max., distance a = Ww 
W max. = ais 
__3Wi 
‘Danes = 320ET 
XII. BEAM SUPPORTED AT ENDS—Load increasing uniformly to center 
i R(max. shear)=R, = as 
M\ max. = ae 
“0 M, distance x = Wx(4--35 ) 
lena a= n= == is a aad H M max., distance 4 = wi 
abet! 
ees _ 6f8 
' W max. == 
| 
i) sul Ih | PER, D —_ WIs 
D et 60RI 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
BrenpIng Moments AND DEFrLEcTIONS—Concluded 
XIII. BEAM SUPPORTED AT ENDS—Uniform load partially distributed 


R (max. shear if sce 


R _ W(2a+b) 
a eae 
M, dist. x=aor<a, =Rx 
Mi dist.x>a, =Rx-Wia* 
By. a 1 Me, dist. x>(at+b), Rx Were) 
q j \ 4 568 ia 
mins al Ri Mmaz., dist.o + RP — Wet Dealt beth) 
eae nf ; 8kts 
WiEaae = Gerth dal+ beth) 


XIV. BEAM SUPPORTED AT ENDS—Uniform load partially discontinuous 


ae E 
R(max. shear if W>W1) eS 
AS —c)+Wa 


“Ra Pal 
M, distance x <a, = Rx- we 
tae M, distance x >a, = Rx- au es B 
Baia One ha Ooh 
' 2Wal-Wa2+- Wica _Ra 
> M max. dist.x 2WI1 >W 
Ri Ry & Wa>Wic 

' } aie 2a, 
4--x-->! W max. TTS 


fs tg 
Z R(max. shear)=R1 = oak 
{ ; ; M, distance x monies 
i| 1 1 
' ! 1 { 7 
wares ts M max.,from R to Ri = Wa 
ge *%- enim teat ks 
! W max. ae 
I 
} : é l—4a2 
D, distance a — Wala) 
Wai(l-2a)2 
Di, distance-s~a — Wath 7a 


XVI. BEAM CONTINUOUS OVER TWO SUPPORTS— Uniformly nog load 


iy es TRA eos, max. shear) ® or w e —a) 
= 2-lx+a f Wee 
M, distance x al 0, ity = co 
1 
Wae ; _ 
Mi at Rand Ri=—gj— max. if a > (W14-4) 
Me at center = Wes) max. if a <1(V¥44-) 
its = 
Wi max. = “ max. if a > (36-14) 


We max. = fs max. ifa < (4-44) 


211 


CARNEGIE STEEL COMPANY 


SAFE LOADS FOR SECTIONS USED AS BEAMS 


EXPLANATION OF TABLES 


The tables of safe loads for structural and supplementary beams, 
H-beams, cross tie sections and channels, used as beams under 
conditions of transverse loading, give the uniformly distributed 
safe loads in thousands of pounds for spans customary in bridge 
and building construction based upon an extreme fiber stress of 
16,000 pounds per square inch. The tables of safe loads for angles, 
tees and zees give the values at the same fiber stress on spans of one 
foot from which the safe load for any span length may be cbtained 
by direct division and also the values for those spans at which the 
allowed safe load will produce a deflection of 1460 of the span length. 
The loads in all cases include the weight of the section, which should 
be deducted in order to arrive at the net load which the section will 
support. 


In addition to these usual tables of safe loads, there follow, on 
the same basis, tables of the allowable uniform load in pounds per 
foot on beams and channels for various span lengths, which may be 
used in proportioning the floor systems of buildings. The choice 
between various weights and depths of sections for any given span 
or any uniform load per running foot may be made on inspection. 


It is assumed in all cases that the loads are applied normal to. 
the axis 1-1 as shown in the tables of elements of sections, and that 
the beam deflects vertically in the plane of bending only. If the 
conditions of loading involve the introduction of forces outside this. 
plane of loading, the allowable safe loads must be determined from 
the general theory of flexure in accordance with the mode of appli- 
cation of the load and its character. This applies particularly to 
unsymmetrical sections, such as zee bars and angles, which should 
be used only under those conditions of loading where the section 
can deflect vertically only, being rigidly secured against lateral 
deflection or twisting throughout the entire span. In all such 
cases of eccentric loading, the actual safe loads would be considerably 
lower than the tabulated safe loads which have been based upon 
the most favorable conditions of loading. 


Vertical Deflection of Beams. In the case of beams intended to carry 
plastered ceilings, experience indicates that the vertical deflection 
to avoid cracking the plaster should be limited to not more than 
Yeo of the span length. This span limit for steel beams is approxi- 
mately in feet twice the depth in inches and is indicated in the 
tables by the lower zigzag line. Beams intended for such purposes. 
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should not be used for greater spans unless the allowable tabular 
safe load exceeds the actual load to be supported. As the dead 
load of the floor is supported by the beams before the plaster is 
applied, only the deflection due to the live load really needs to be 
considered. 

The coefficients given below may be used to obtain the deflection, 
in inches, of sections subjected to transverse stresses due to uniformly 
distributed loads at various fiber stresses and are based upon the 
following formulas, using the notation given on page 206, 


Deflection, D= Wit when wisi or D= —S8fP  _15they 2 


76.8EI’ 76.8 fn # n 
3 a d SOTA Coefficient 
For symmetrical sections, n 3? D E x d depth in inches 


CoEFFICIENTS OF DmeFrLECTION UNiIrorMLY DistTrinuTED Loaps 


Fiber Stress, Pounds per Square Inch Fiber Stress, Pounds per Square Inch 
Span, Span, 
Feet Feet 

16060 14000 12500 16000 14000 12500 

1 0.017 0.014 0.013 26 11-289 9.790 8.741 
2 0.066 0.058 0.052 OX 12.066 10.558 9.427 
3 0.149 0.130 0.116 28 12.977 11.354 10.138 
4 0.265 | 0.232 0.207 29 13.920 12.180 10.875 
5 0.414 0.362 0.323 30 14.897 13.034 11.638 
6 0.596 0.521 0.466 31 15.906 13.918 12,427 
i 0.811 0.710 0.634 32 16.949 14.830 13.241 
8 1.059 0.927 0.828 3 18.025 L502, 14.082 
9 1.341 Tea ress 1.047 34 19.134 16.742 14.948 
10 1.655 1.448 1.293 35) 20.276 17.741 15.841 
11 2.003 12, 1.565 36 21.451 18.770 16.759 
12 2.383 2.086 1.862 Si 22.659 19.827 17.703 
igs 2197 2.448 2.185 38 23.901 20.913 18.672 
14 5.244 2.839 2.534 39 Pye AD) 22.028 19.668 
15 3.724 3.259 2.909 40 26.483 23.172 20.690 
16 4.237 3.708 3.310 Al 27.823 | 24.346 21.737 
ie 4.783 4.186 oulot 42 29.197 25.548 22.810 
18 §.363 4.692 4.190 43 30.604 | 26.779 23.909 
19 5.975 §.228 4.668 44 32.044 28.039 25.0384 
20 6.621 5.793 Sale 45 Borla 29.328 26.185 
21 7,299 6.387 5.7038 46 35.023 30.646 27.362 
22 8.011 7.010 6.259 47 36.562 31.992 28.565 
23 8.756 7.661 6.841 48 38.135 | 33.368 | 29.793 
24 9.534 8.342 7.448 49 39.741 34.773 31.047 
25 10.345 9.052 8.082 50 41.379 36.207 32.328 


To find the deflection in inches of a section symmetrical about 
the neutral axis, such as beams, channels, zees, etc., divide the 
coefficient in the table corresponding to given span and fiber stress 
by the depth of the section in inches. 
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To find the deflection in inches of a section not symmetrical 
about the neutral axis, such as angles, tees, etc., divide the coeffi- 
cient corresponding to given span and fiber stress by twice the 
distance of extreme fiber from neutral axis obtained from table of 
elements of sections, pages 174 to 195, inclusive. 

To find the deflection in inches of a section for any other fiber 
stress than those given, multiply this fiber stress by any of the 
coefficients in the table for the given span and divide by the fiber 
stress corresponding to the coefficient used. 

Lateral Deflection of Beams. The tabular safe loads are based on the 
assumption that the compression flanges of the various sections are 
secured against lateral deflection by the use of tie rods or by other 
means at proper intervals. According to the Construction Specifi- 
cations, page 160, the lateral unbraced length of beams and 
girders should not exceed forty times the width of the compression 
flanges. When the unbraced length exceeds ten times the 
width, the tabular safe loads should be reduced in accordance with 
the ratios given in the following table in order to insure that the 
stresses in the compression flanges should not exceed the allowed 
safe unit stress:— 


Unbraced 


a, : | Tnnenced 
Tienath of Span | Allowable Safe Load Tenath of Bosh | Allowable Safe Load 
| | 
\} 


5 x flange width | Full tabular load 25 x flange width 71.9% tabular load 


10x “ ‘ “ “ | 30x ‘ “| 62.5% ‘ 

15x es “| 90.6% tabular load 35x s te eselioe ce oe 
20 x “ « |g19% “ « | 40 x “ « 143.807 “ “ 
= { 


In addition to this lateral deflection which is induced within 
the beam by the action of pure bending stresses, lateral deflection 
may be induced by the thrust of floor arches or other loading acting 
on an axis perpendicular to the line of principal bending stress. 
The thrust of these arches should either be neutralized by tie rods, 
or the safe carrying capacity of the beam should be computed in 
accordance with the general formulas of flexure to provide for the 
combined stresses due to the action of both vertical and horizontal 
forces; that is to say, the safe loads should be figured around both 
the axes 1-1 and 2-2, and the unit stress computed so as not to 
exceed 16,000 pounds per square inch. 


Effect of Impact on Stresses. Theformulas upon which the tables of safe 
loads are based assume all loads to be quiescent or static. The effect 
of moving loads may be taken care of either by reducing the allowable 
unit stresses, or else by increasing the theoretical loads. See 


214 


BEAM SAFE LOADS 


When the load is suddenly applied, the resultant stresses are greater 
than those due to an equal static load. When the load is instan- 
taneously applied, the resultant stresses are double. 


When an instantaneously applied load produces impact or percus- 
‘sion, the resultant stresses are dynamic and are measured by the laws 
governing the energy of bodies in motion. The following empirical | 
formulas may be used to ascertain the approximate fiber stress and 
deflection due to a load falling on the center of a beam supported at 
both ends, when no account is taken of the distortion due to the 
impact or percussion at the point of application of the load :—Let 
W Weight of load, in pounds. 
W:i=—Weight of beam, in pounds. 
h Height of fall, in inches. 
f Extreme fiber stress due to static load, W+Wi, in pounds per 
square inch. 
fa —Extreme fiber stress due to dynamic load, W, in pounds per 
square inch. 
D Deflection due to static load, W-+W1, in inches. 
Da=Deflection due to dynamic load, W, in inches. 


35 W 
A ci Then 


fa f+ V2 +1) and Da =D (1+ VRE $1 ) 


Shearing Stresses. The safe load tables for beams and channels are 
computed solely with reference to safe unit stresses due to flexure, 
and the safe loads uniformly distributed on the spans given will not 
produce average shearing stresses in the web greater than the 
10,000 pounds per square inch allowed by the Construction Specifi- 
cations. When, however, beams are loaded with heavy loads 
concentrated near the supports, or when beams of short span are 
loaded with uniformly distributed loads to their full carrying 
capacity as regards flexure, the bending moments may be small in 
comparison with the reactions at the supports, and the beams may 
fail along the neutral plane as a result of longitudinal shearing 
stresses, or may buckle as a result of the combined longitudinal 
and vertical web stresses. On such spans the safe shearing or 
buckling strength of the web may limit the carrying capacity of 
the beam rather than the resistance of the flanges to bending 
stresses. 

Longitudinal Shear. At any point in any section of a beam, the 
horizontal and vertical components of the web stress are equal to each 
other and proportional to the vertical shear; their intensities are 
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dependent upon the distance of the point from the neutral axis. In 
order to determine the intensity of the vertical shearing stress at 
a given point in a vertical section of the beam, therefore, it is 
sufficient to find the equal intensity of the horizontal shearing 
stress at the same point in the horizontal plane. 


The longitudinal unit shear is zero at the upper and lower flanges 
of the beam and a maximum at the neutral plane. It is greatest 
at the supports and zero where there is no vertical shear. 


The intensity of the longitudinal shear at any point in any section 
is the product of the vertical shear, V, for that section and the 
statical moment, Ms of the section included between the horizontal 
plane of shear through that point and the extreme fibers on the same 
side of the neutral plane divided by the product of the moment of 
inertia of the beam around the proper axis and the thickness at the 
plane of shear; or 


: : 3 VM 
Longitudinal shear per square inch= ; T 2 
qr Example—Required the maximum longitudinal 
S gy Fg ont shear per square inch in a 24” 80 Ib. beam loaded 
Gio: | pe 


with two symmetrical loads of 100,000 pounds 
or | each, disregarding the weight of the beam. 

Ms of Flange Rectangle=7x.60x11.7 = 49.14 
Ms of Flange Triangles =3.25x.542x11.219= 19.76 
Neutealiesis Ms of Web =11.40x.50x5.70 = 32.49 
Plane of shear (Total Static Moment 101.39 
Moment of Inertia of Beam I=2087.2 

7 : —_ 100000x101.39 

Longitudinal Sheet 597 Dn.50 


=9715 pounds per squareinch. 


Under usual conditions of loading, the vertical shear need not be 
taken into consideration. 


Buckiing Values of Beam Webs. The_vertical shearing stresses or the 
vertical compressive components of the web stress may under some 
conditions exceed the safe resistance of the beam to buckling, and 
there remains the possibility that a web or web plate which is amply 
secure as against the safe allowed shear of 10,000 pounds per square 
inch will not be of sufficient strength when considered as a column, 
In such cases provision must be made for security against buckling 


either in the way of stiffeners or by increasing the thickness of the 
web or web plate. 


A series of experiments have been carried out on beams of various 
depths and web thicknesses to arrive at a basis for a simpler method 
of computation to use in the investigation of the safe buckling 
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resistance of beams with unsupported webs, and from these experi-| 
ments the following formulas have been deduced: 


al al 


ial aa 


inn Safe end reaction R= fpxt (a =) 


Safe interior load W=2 fbx t (al +4) 


LaJ 


In these formulas R is the end reaction, W the concentrated load, 
t the web thickness, d the depth of the beam, a1 half the distance 
over which the concentrated load ig applied and a the whole 
distance over which the end reaction is applied, while fp is the safe 
resistance of the web to buckling in pounds per square inch by the 
formula 19000—100 d/2r (d/2=1 in column formula). 


The first formula is general and applies to any condition of 
loading. The second formula covers the case of a single load 
concentrated at the center of a span; it can be extended to cover a 
system of concentrated loads provided the sum of the distances a1 igs 
not less than a. 


The tables which immediately follow give for beams and channels 
with unsupported webs: 


1. Allowed web resistance fp, in pounds per square inch com- 
puted from this compression formula. 


2. The distance a, or the distance over which the end reaction 
must be distributed when the shearing stress, V, in the web is the 
maximum allowable of 10,000 pounds per square inch. 


3. The allowable end reaction (R) when a is taken at 314” 


which is the usual length of beam actually resting on the 4” angles 
ordinarily used in building construction for beam seats. 


4, The allowable shear V, on the gross area of beam or channel 
webs at 10,000 pounds per square inch. 


In addition to these data which have to do with the maximum 
loads on beams and channels as computed from the web resistance, 
these tables also give the maximum bending moments in foot 
pounds, obtained by the multiplication of the section modulus of 
each section by the allowed fiber stress of 16,000 pounds and the 
division of the product by 12 in order to reduce to a foot pound 
basis. These maximum bending moments may be used on inspec- 
tion instead of the table of properties to ascertain the proper size 
section to be used in any particular instance. 
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EXAMPLES OF THE Use oF BEAM Sars Loap TABLES 


Example 1. Direct Bending. Required the proper size of a beam laterally 
braced to support a superimposed or net load of 30,000 pounds uniformly 
distributed over a clear span of 20 feet. 


From the table of safe loads, page 224, it is found that a 15 inch 42 pound 
beam will support a gross load of 31,400 pounds. The weight of a beam 20 
feet long is 840 pounds. The net safe load is, therefore, 31,400—840=30,560 
pounds. <A 15inch 42 pound beam will, therefore, carry the net load specified. 

Example 2. Shear. Required the maximum load which a 20 inch 85 


pound beam can support without exceeding the safe web resistance of the 
section. 


From the table, page 223, the maximum load for this section given in small 
figures above the upper zigzag line is found to be 265,200 pounds. 

Example 3. Vertical Deflection. Required the proper size and the 
deflection of a channel supporting a net load of 10,000 pounds concentrated in 
the middle of a 14-foot span, assuming that the channel is braced against 
lateral deflection. 


The specified load is equivalent on the given span to a uniformly distributed 
load of 2 x 10,000=20,000 pounds. 


In the table, page 232, it is found that a 12 inch 30 pound channel will 
support a gross load of 20,500 pounds or a net load of 20,500—14 x 30= 20,080 


pounds. The net safe load concentrated at the middle of the span will be 
one-half this or 10,040 pounds. 


The deflection produced by a uniformly distributed load of 20,500 pounds 
is found from the coefficient given in the same table and page 213 to 
be. 324 =0.270". The deflection for the specified load concentrated in the 


middle of the span is approximately 0.270 x 4— 0.216". 
See page 207. 

Example 4. Vertical Deflection. Required the defiection of a riveted 
girder 37 inches deep for a span of 35 feet and a fiber stress of 14,000 pounds per 
square inch. 

Required deflection, see table, page 213, =i = 0.479”, 

Example 5. Vertical Deflection. Required the deflection of an angle 


6x4x716" about an axis parallel to the short leg for a span of 14 feet anda 
fiber stress of 16,000 pounds. 


Required deflection, see table, pages 213 and 214, is Tx te 19S) = 0.401". 


Example 6. Vertical Deflection. Required the deflection of a 10 inch 
beam for a span of 18 feet with a fiber stress of 11,000 pounds. 


. : ; __ 11,000 x 5.363 _ 
Required deflection, see table, pages 213 and 214,= 16.000 x 10 —0-369”. 


Example 7. Lateral Deflection. Required the safe load on a 12inch 31% 
pound beam for a span of 16 feet without any lateral support or bracing. 


Tabular load, page 225,=24,000 pounds. 


« Length of span = LOR 
Sahin Flange width 5 


Reduced safe load, page 214, 24,000 x 0.468=11,232 pounds. 


=38.4 
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BEAM SAFE LOADS 


BEAMS 
Maximum Benpinag Moments anp Wes RusISTANCE 

Mmax d Uj NG fb a R 
Maximum | Depth Weight Thickness| Allowable Allowable Min. End 
Bending of per of Web Buckling End Reaction 
Moment Beam Foot Web Shear Resistance | Bearing} a—314/” 
aa Inches Pounds Inches Founds ‘ Aaya Inches Pounds 
292130 a 90.0 524 141480 10080 20.0 54140 
328390 115.0 .750 180000 13460 11.8 95880 
320390 110.0 .688 165120 12960 12.5 84690 
312390 105.0 625 150000 12350 13.4 73320 
264400 100.0 .754 180960 13490 11.8 96620 
256560 24 95.0 693 166320 13000 12.5 85610 
248710 90.0 .631 151440 12410 13.3 74410 
240870 85.0 .570 136800 I1V7Z10 14.5 63410 
231920 80.0 .500 120000 10690 EOFS: 50780 
216670 74.0 476 114240 10260 17.4 46400 
156930 oi 60.5 428 89880 10500 14.8 39320 
220750 100.0 .884 176800 15080 8.3 113320 
214210 95.0 .810 162000 14720 8.6 101370 
207680 90.0 Beste 147400 14300 9.0 89590 
201140 20 85.0 .663 132600 13780 9.5 77630 
195510 80.0 .600 120000 13230 10.4 67460 
169170 75.0 .649 129800 13660 9.6 75380 
162640 70.0 LOAD 115000 12980 10.4 63420 
155930 65.0 .500 100000 12080 11.6 51320 
186720 90.0 .807 145260 15140 | 7.4 97730 
180840 85.0 uLZO 130500 TA7QOO0" | fev 85260 
174960 80.0 644 115920 14160 8.2 72940 
169080 75.0 562 101160 13450 8.9 60480 
136480 18 70.0 .719 129420 14670 7.8 84350 
130590 65.0 637 114660 14110 8.3 71890 
124710 60.0 555 99900 13380 9.0 59420 
117860 Sex) -460 82800 12220 | 10.2 44980 
109200 48.0 .380 68400 10800 | 12.2 32830 
122890 75.0 882 132300 16050 5.6 102660 
117980 70.0 784 117600 15690 ee) 89160 
113080 65.0 .686 102900 15210 6.1 75650 
108270 60.0 .590 88500 14600 6.5 62440 
90850 15 55.0 .656 98400 15040 6.2 C1580 
85940 50.0 .558 83700 14340 6.7 58020 
81040. 45.0 .460 69000 13350 hls 44520 
78530 42.0 410 61500 12670 8.1 37660 
72130 Bip 332 49800 11180 9.7 26910 
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CARNEGIE STEEL COMPANY 


BEAMS 
Maximum Benpinc Moments AND WEB RESISTANCES 
Mmax d t Vv fb a R 
Maximum Depth Weight Thickness | Allowable Allowable Min. End 
Bending of per of Web Buckling End Reaction 
Moment | Beam Foot Web | Shear Resistance | Bearing) a—3)4 
Pee | Inches | Pounds | Inches Pounds Pea Inches | Pounds 
71330 | 55.0 APL 98520 16470 4.3 87890 
67410 50.0 -699 | 83880 16030 4.5 72830 
63490 45.0 576 69120 | 15390 4.8 57620 
59770 12 40.0 460 55200 | 14480 53 43300 
50730 35.0 436 52320 14230 5.4 40330 
47960 31.5 .350 42000 13060 6.2 29710 
44270 28.0 .284 34080 11680 Wass 21560 
42320 40.0 .749 74900 16690 3.5 75010 
39050 35.0 .602 60200 16120 Suu 58220 
35780 10 30.0 455 45500 15190 4.1 41470 
32560 25.0 310 31000 13410 5.0 24940 
30270 22.25 252 25200 12130 5.7 18340 
33120 35.0 AES y 65880 16870 3.1 71010 
30180 9 30.0 -569 51210 16260 ou 53200 
27240 25.0 -406 36540 15160 a7, 35390 
25160 21.0 -290 26100 13620 4.4 22710 
22810 25.5 541 43280 16440 2.9 | 48920 
21500 23.0 .449 35920 15910 3.0 | 39290 
20190 8 20.5 357 28560 15120 3.3 29690 
18960 18.0 240 21600 13870 3.8 20600 
19470 ie 40) 17600 12700 4.3 15370 
1 | 
16070 20.0 -458 32060 16350 2.5 39310 
14930 7 17.5 05 24710 15570 2.7 28850 
13800 15.0 -250 17500 14150 3.2 18580 
11640 U5 A475 28500 16810 Pal 39930 
10660 6 14.75 352 21120 16050 DS 28250 
9680 12.25 -230 13800 14480 2.6 16650 
8080 14.75 504 25200 17280 1.6 41370 
7260 5 Bey) oon 17850 16580 Ls 28120 
6450 9.75 -210 10500 14870 2.1 14830 
A760 10.5 410 16400 17310 Ls: 31940 
4500 4 9.5 SEyé 13480 16940 1.4 | 25690 
4240 8.5 .263 10520 16360 1.4 ; 19360 
3980 7.5 -190 7600 15360 1.6 4 18130 
2590 Td 361 10830 17560 1.0 26940 
2390 3 6.5 .263 7890 17020 1.0 19020 
_ 2210 | aa. 5.5 eo) 5100 15950 1.1 11530 
ees 
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BEAM SAFE LOADS” 


CHANNELS 
Maximum Brenpina Mommnts AND WEB RESISTANCES 
Mmax d t Vv fb a R 
Maximum | Depth Weight Thickness} Allowable | Allowable Min. End 
Bending of per of Web Buckling End Reaction 
Moment | Channel Foot Web Shear Resistance | Bearing} a—=314/ 
Fr ; 
Pp ae 3 Inches Pounds Inches Pounds le Tnches Pounds 
76490 55.0 818 122700 15820 Dal 93830 
71590 50.0 -720 108000 15390 6.0 80350 
66680 15 45.0 622 93300 14820 6.4 66840 
61780 40.0 -524 78600 14040 6.9 53350 
56880 35.0 -426 63900 12900 7.9 39850 
55570 33.0 -400 60000 12510 8.2 36270 
64360 50.0 791 102830 16150 4.8 86250 
60110 45.0 678 88140 15680 5.0 71760 
55870 13 40.0 -565 73450 15020 5.4 5/260 
53320 $7.0 A97 64610 14470 ¢ One 48540 
51620 35.0 A452 58760 14020 6.0 42770 
48740 32.0 LD 48750 13000 6.8 32900 
43760 40.0 BOS 90960 16260 4.4 80090 
39840 35.0 -636 76320 15730 4.6 65040 
35920 12 30.0 Los 61560 14950 5.0 49850 
32000 25.0 .390 46800 13670 5.8 34660 
28470 20.5 .280 33600 11570 TA 21060 
30800 30.0) 823 $2300 16900 3.4 83430 
27530 30.0 676 67600 16440 3.6 66670 
24260 10 25.0 -529 52900 15730 3.9 49910 
20990 20.0 382 388200 14470 4.4 33160 
17840 L5V0 .240 24000 11780 6.0 16970 
20950 25.0 -615 55350 16470 3.2 58220 
18010 20.0 452 40680 15550 3.5 40420 
15070 ) 15.0 288 25920 13590 4.4 22500 
14020 13.25 1230 20700 | 12220 | 5.1 16170 
15920 21.25 .582 46560 16620 2.8 53200 
14610 18.75 -490 39200 16170 2.9 43580 
13310 8 16.25 399 31920 15530 3.2 34070 
12000 13.75 307 24560 14490 a0 24460 
10770 11.25 -220 17600 12700 4.3 15370 
12640 19.75 -035 44310 17090 2S 56780 
11490 17.25 528 36960 16700 2.4 46300 
10350 06 14.75 423 29610 16130 2.6 35830 
9210 12.25 .318 22260 15190 2.9 25360 
8030 9.75 1210 14700 13230 3.5 14580 
8680 1525) .563 33780 17150 2.0 48280 
7700 13.0 440 26400 16640 2.1 36610 
6720 6 10:5 .318 19080 15730 2.3 25010 
5780 8.0 -200 12000 13810 2.8 13810 
5550 thers ATT 23850 17180 lage 38920 
4730 5 9.0 .330 16500 16380 1.8 25670 
3960 6.5 .190 9500 14450 2.2 13040 
3050 ¥ 1.25 noe 13000 16870 1.4 24670 
2790 4 6.25 252 10080 16250 5: 18430 
2530 5.25 180 7200 15150 1.6 12270 
1840 6.0 362 10860 17560 1.0 27020 
1640 3) 5.0 264 7920 17030 a) 19110 
1450 4.0 170 5100 15940 Tell 11520 


CARNEGIE STEEL COMPANY 


— es i: = 7. - — — 
BEAMS 
ALLOWABLE UNIFORM LOAD IN THOUSANDS OF PouUNDs 
Maximum Bending Stress, 16,000 Pounds per Square Inch 
Depth and Weight of Sections $38 
" Recs 
aes 27 In. 24 Inch 21In. gs é 
Feet |! 90 | 115 | 110 [ 105 | 100 | 95 | 90 | 85 | 80 | 74 loowmle & 
Ibs. |) lbs. | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. Ibs. 
361.9 

6 392.5) _832.6_| 802.9. 179.8 | 0.60 
ze 860.0 | 330.2 302.2/293.2|)284.2| 273.6 | 230.0 | 298.5 |179.3|| 0.81 
8 283.0 | 328.4/320.4|_300.0 |264.4/ 256.6 248.7|240.9|231.9/216.7/156.9]| 1.06 
9 |259.3)291.9\284.8/277.7/235.0|228.0/221.1/214.1/206.1/192.6]/139.5|| 1.34 
10 |/233.4/262.7/256.3249.9|211.5|205.2|199.0|192.7|185.5|173.3]125.5] 1.66 
11 //212.2/238.8/233.0|227.2|192.3|186.6]180.9|175.2|168.7/157.6]}114.1] 2.00 
12 |194.5)/218.9/213.6/208.3|176.3/171.0/165.8|160.6/154:6|144.5||104.6] 2.38 
13 |179.5|/202.1)197.2/192.2)162.7/157.9|153.1|148.2)142.7 133.3)| 96.5)) 2.80 
14 |'166.7/187.7/183.1/178.5|]151.1/146.6]142.1|137.6|132.5|123.8|| 89.7] 3.24 
as) 156.6] 175.1|170.9|166.6| 141.0|136.8|132.6|128.5 123.7/115.6]] 83.7] 3.72 
16 145.9 164.2/160.2 156.2) 132.2|128.3)/124.4|120.4/116.0/108.3|| 78.4] 4.24 
17 = |/137.3)154.5)150.8}147.0/124.4/120.7|117.0/113.4|109.1/102.0|| 73.8\|- 4.78 
18 /129.7)146.0)142.4/138.8 117.5|114.0/110.5'107.1|103.1] 96.3]] 69.7]] 5.36 
19 ||122.8]138.3)134.9]131.5|111.3}108.0|104.7|101.4| 97.6] 91.2|| 66.1 5.98 
20 116.7) 131.4)128.2)125.0|105.8/102.6| 99.5 96.3] 92.8] 86.7|| 62.8] 6.62 
21 111.1) 125.1/122.1]119.0|100.7| 97.7} 94.7] 91.8] 88.3 82.5|| 59.8] 7.30 
22 |/106.1/119.4)116.5)113.6] 96.1} 93.3] 90.4] 87.6| 84.3 78.8]| 57.1)) 8.01 
23 101.5)114.2 111.4)108.7 92.0] 89.2] 86.5] 83.8] 80.7] 75.4]] 54.6] 8.76 
24 97.3} 109.5)106.8/104.1] 88.1] 85.5] 82.9] 80.3] 77.3] 72.2 52.3] 9.53 
25 93.4) 105.1/102.5/100.0] 84.6] 82.1] 79.6] 77.1] 74.2 69.3] 50.2] 10.35 
26 89.8 101.0) 98.6) 96.1} 81.4] 78.9] 76.5} 74.1] 71.4] 66.7] 48.3] 11.19 
27 86.4! 97.3] 94.9] 92.6] 78.3] 76.0] 73.7 71.4) 68.7| 64.2] 46.5] 12.07 
28 83.4) 93.8} 91.5) 89.3] 75.5] 73.3] 71.1| 68.8] 66.3 61.9]) 44.8] 12.98 
29 80.5) 90.6} 88.4] 86.2] 72.9] 70.8] 68.6] 66.4] 64.0 59.8] 43.3] 13.92 
30 77.8) 87.6| 85.4| 83.3] 70.5] 68.4! 66.3] 64.2 61.8} 57.8]} 41.8]| 14.90 
31 75.3) 84.7| 82.7} 80.6] 68.2| 66.2} 64.2} 62.2] 59.8 55.9] 40.5] 15.91 
32 72.9) 82.1} 80.1] 78.1] 66.1] 64.1] 62.2} 60.2] 58.0] 54.2 39.2] 16.95 
33 70.7) 79.6) 77.7| 75.7} 64.1] 62.2] 60.3] 58.4] 56.2 52.5}|| 38.0] 18.03 
34 68.6] 77.3) 75.4] 73.5] 62.2] 60.4] 58.5 56.7| 54.6] 51.0]) 36.9] 19.13 
35 66.7) 75.1) 73.2) 71.4] 60.4] 58.6] 56.8] 55.1] 53.0! 49.5 35.9] 20.28 
36 64.8] 73.0) 71.2] 69.4 58.8} 57.0) 55.3] 53.5] 51.5) 48.2|| 34.9! 21 45 
37 63.1) 71.0) 69.3) 67.5} 57.2] 55.5] 53.8] 52.1 50.1] 46.8]| 33.9] 22.66 
38 61.4) 69.1) 67.5| 65.8] 55.7| 54.0] 52.4] 50.7] 48.8 45.6|| 33.0|| 23.90 
39 59.8) 67.4) 65.7) 64.1} 54.2] 52.6} 51.0] 49.4] 47.6] 44.4 32.2)| 25.18 
40 || 58.4) 65.7] 64.1) 62.5] 52.9] 51.3 49.7| 48,2] 46.4] 43.3] 31.4] 26 48 
41 56.9) 64.1) 62.5] 61.0} 51.6] 50.1] 48.5] 47.0 45.3] 42.3] 30.6] 27.82 
42 55.6) 62.6) 61.0) 59.5] 50.4] 48.9] 47.4 45.9} 44.2) 41.3] 29.9] 29.20 
43 54.3) 61.1} 59.6] 58.1} 49.2] 47.7] 46.3] 44.8] 43.1 40.3]|""29.2'|| 30.60 
44 || 53.0] 59.7| 58.3) 56.8} 48.1] 46.6] 45.2] 43.8] 42.2 39.4] 28.5 || 32.04 
45 || 51.9) 58.4) 57.0] 55.5 47.0| 45.6] 44.2] 42.8] 41.2] 38.5 33.52 
46 50.7| 57.1 55.7| 54.3) 46.0] 44.6] 43.3] 41.9] 40.3 silat 30.02 
47 49.7 | 55.9) 54.1] 53.2] 45.0] 43.7] 42.3] 41 0} 39.5) 36.9 36.56 
48 | 48.6) 54.7) 53.4) 52.1] 44.1] 42.8] 41.5] 40.1| 38.7] 36.1 38.14 
49 47.6)" 58.6 | 52.8 | 51.0 | 43.8 | 41-9 |" 40.6 | 39.8 87.9 | 85.4 39.74 
50 46.7" 52.5| 513] 500| 428 | 41.0 89.8 | 38.5 | 37.1 | 84.7 41.38 


Loads above upper horizontal lines will produce maximum allowable shear in webs. 


Loads below lower horizontal lines will produce excessive deflections. 
For maximum safe loads, see page 219, 


222 


BEAM SAFE LOADS 


ALLOWABLE Unirorm Loap In THOUSANDS or PouUNDS 


BEAMS 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


Depth and Weight of Sections 


Span |: a E 
im | 20 Inch 18 Inch eos 
Ve 55 a 
Feet | 100 | 95 | 90 | 85 | 80 | 75 | 70 90 | 8 | 80 | 75 Is A 
| Ibs, | Ibs. | Ibs. | Ibs. | Ibs. | Ibs Ibs. | lbs Ibs. | lbs. | Ibs. | lbs 
| 
|| 853.6 
5 353.2 0.41 
| 324 0| 294.8 259.6 | 230.0 290.5 | 261.0 
6 294.3/285.6,276.9 265.2 |_240.0 |225.6)/216.8] 200.0 249.0241.1) 231.8| 202.3 || 0.60 
@ |252.3/244.8/237.7|229.9 223.4/193.3 185.9/178.2|213.4206.7200.0 193.2! 0.81 
8 220.7214.2 207.7/201.1/195.5/169.2)162.6/155.9/186.7/180.8|175.0}169.1] 1.06 
9 |196.2)190.4)184.6)178.8)173.8)150.4/144.6138.6]166.0160.7/155.5/150.3]| 1.34 
10 /176.6/171.4)166.1)160.9|156.4/135.3/130.1|124.7]149.4/144.7140.01135.3] 1.66 
11 {160.5)155.8)151.0)146.3)142.2/123.0)118.3)113.4/135.8131.5/127.2)123.0] 2.00 
12 |/147.2)142.8)138.5)134.1/130.3)112.8)108.4|104.0//124.5/120.6|116.6/112.7|| 2.38 
13 (/135.8/131.8)127.8)123.8)120.3/104.1)100.1] 96.0]114.9)111.3)107.7|104.1|| 2.80 
14 //126.1/122.4)118.7)114.9)111.7| 96.7; 92.9) 89.1/106.7|103.3/100.0] 96.6] 3.24 
15 .)117.7/114.2)110.8)107.3)104.3] 90.2) 86.7} 83.2] 99.6) 96.4) 93.3] 90.2] 3.72 
16 |110.4)107.1|103.8/100.6, 97.7) 84.6) 81.3), 78.0] 93.4) 90.4] 87.5} 84.5] 4.24 
17 |103.9|100.8| 97.7} 94.1] 92.0) 79.6] 76.5] 73.4] 87.9] 85.1| 82.3] 79.6] 4.78 
18 98.1) 95.2) 92.3) 89.4) 86.9] 76.3) 72.3] 69.3] 83.0} 80.4] 77.8] 75.1] 5.36 
19 92.9) 90.2) 87.4) 84.7) 82.3] 71.2) 68.5] 65.7]| 78.6) 76.1) 73.7} 71.2] 5.98 
20 88.3) 85.7; 83.1) 80.5} 78.2) 67.7) 65.1) 62.4] 74.7) 72.3) 70.0] 67.6] 6.62 
21 84.1! 81.6) 79.1) 76.6) 74.5) 64.4) 62.0) 59.4] 71.1) 68.9] 66.7] 64.4|| 7.30 
22 80.3) 77.9] 75.5) 73.1) 71.1) 61.5) 59.1] 56.7] 67.9] 65.8] 63.6) 61.5] 8.01 
23 76.8| 74.5) 72.2) 70.0° 68.0} 58.8] 56.6] 54.2] 64.9] 62.9] 60.9] 58.8] 8.76 
24 73.6] 71.4] 69.2) 67.0} 65.2] 56.4) 54.2) 52.0] 62.2) 60.3} 58.3] 56.4] 9.53 
25 70.6) 68.5) 66.5} 64.4) 62.6] 54.1) 52.0) 49.9) 59.8] 57.9] 56.0] 54,1/10.35 
26 67.9) 65.9) 63.9) 61.9} 60.2) 52.1) 50.0) 48.0) 57.5} 55.6) 53.8] 52.0]11.19 
OE 65.4| 63.5) 61.5) 59.6) 57.9) 50.1) 48.2) 46.2] 55.3] 53.6) 51.8] 50.1//12.07 
28 63.1) 61.2) 59.3) 57.5) 55.9). 48.3) 46.5) 44.6] 53.3] 51.7} 50.0} 48.3]12.98 
29 60.9} 59.1) 57.3) 55.5) 53.9) 46.7) 44.9] 43.0] 51.5] 49.9] 48.3] 46.6/13.92 
30 58.9) 57.1) 55.4| 53.6) 52.1) 45.1) 43.4) 41.6] 49.8] 48.2) 46.7] 45.1/14.90 
oul 57.0| 55.3) 53.6] 51.9) 50.5] 43.7| 42.0) 40.2] 48.2) 46.7) 45.2) 43.6/15.91 
32 55.2) 53.6] 51.9) 50.3) 48.9] 42.3) 40.7] 39.0] 46.7| 45.2) 43.7) 42.3/16.95 
Si) 53.5] 51.9] 50.4) 48.8) 47.4) 41.0) 39.4] 37.8] 45.3] 43.8] 42.4] 41.0/18.03 
34 51.9] 50.4) 48.9) 47.3) 46.0) 39.8) 38.3] 36.7|| 43.9] 42.6) 41.2] 39.8/19.13 
oo 50.5] 49.0) 47.5) 46.0) 44.7) 38.7) 37.2) 35.6] 42.7] 41.3] 40.0) 38.6/20.28 
36 49.1) 47.6) 46.2) 44.7) 43.4) 37.6) 36.1) 34.7] 41.5) 40.2) 38.9) 37.6/21.45 
Se 47.7| 46.3) 44.9] 43.5) 42.3) 36.6} 35.2) 33.7\( 40.4| 39.1] 87.8] 36.6 122.66 
38 46.5| 45.1] 43.7] 42.3) 41.2} 35.6} 34.2] 32.8] 39.3] 381] 36.8| 35.6||23.90 
39 45.3] 43.9) 42.6) 41.3) 40.1) 34.7) 33.4) 32.0) 25.18 
40 44.1; 42,8) 41.5) 40.2) 39.1) 33.8) 32.5) 31.2 26.48 
41 43.1 | 41.8 | 40.5|" 80.2| 88.1) 83.0|" 81.7 |” 80.4] |27.82 
42 42.01 40.81 89.6| 88.3] 387.2| 82.2| 81.0] 29.7 29.20 


Loads above upper horizontal lines wi 0 : 
Loads below lower horizontal lines will produce excessive deflections. 
For maximum safe loads, see page 219. 


1 produce maximum allowable shear in webs. 


CARNEGIE STEEL COMPANY 


BEAMS 


ALLOWABLE UNIFORM LoapD IN THOUSANDS OF POUNDS 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


Depth and Weight of Sections 
18 Inch | 15 Inch 
Feet | 79 | 65 | 60 | 55 | 48 || 75 | 70 | 65 | 60 | 55 | 50 | 45 | 42 
Ibs. | lbs. | Ibs. | Ibs. | lbs, | Ibs. | lbs. | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. | lbs. 
| 264.6 196.8 
258.8 |_229.8| 199.8 (245.8)_235.2| 205.8) 177.0 /181.7|167.4|138.0 
218.4/208.9199.5 196.6 188.8 180.9173.2145.4/137.5129.7 
165.6 123.0 
182.0]174.1/166.3 BEE ee 163.8 157.3150.8144.4121.1 114. 6 108.1/104.7 
156.0)149.2/142.5/134.71248 140.4134.8129.2123.7103.8)98,2)92.6)/89.8) 
136.5/130.6124.7)117.9109.2)122.9118.0113.1108.3| 90.885.9'81.0/78.5 
121.3/116.1/110.9104.897.1)109.2)104.9)100.5| 96.2) 80.8,76.4/72.0/69.8 
109.2|104.5| 99.8| 94.3/87.4) 98.3) 94.4) 90.5) 86.6) 72.7/68.8/64.8/62.8) 
99.3] 95.0] 90.7] 85.7'79.4] 89.4) 85.8) 82.2) 78.7| 66.1/62.5}58.9|57.1 
91.0] 87.1] 83.1] 78.672.8| 81.9) 78.7] 75.4) 72.2) 60.6)57.3/54.0/52.4 
84.0] 80.4] 76.7] 72.5167.2|| 75.6] 72.6] 69.6) 66.6) 55.9|52.9|49.9/48.3 
78.0| 74.6] 71.3] 67.3)62.4] 70.2) 67.4) 64.6) 61.9) 51.9)49.1/46.3)44.9 
72.8] 69.6] 66.5) 62.958.2) 65.5) 62.9) 60.3) 57.7) 48.5)45.8/43.2)41.9 
68.2} 65.3) 62.4) 58.954.6) 61.4) 59.0) 56.5) 54.1] 45.4/43.0/40.5)39.3 
64.2] 61.5) 58.7) 55.551.4) 57.8) 55.5) 53.2) 50.9) 42.8/40.4/38.1/37.0 
60.7| 58.0) 55.4) 52.448.5) 54.6) 52.4) 50.3) 48.1] 40.4/38.2/36.0)/34.9 
57.5] 55.0) 52.5) 49.646.0) 51.7] 49.7] 47.6) 45.6) 38.3/36.2/34.1/33.1 
54.6] 52.2) 49.9) 47.1/43.7)| 49.2) 47.2) 45.2) 43.3) 36.3/34.4/32.4/31.4 
52.0) 49.7| 47.5) 44.941.6| 46.8) 44.9] 43.1| 41.2] 34.6/32.7|30.9|29.9 
49.6) 47.5) 45.3) 42.939.7) 44.7) 42.9) 41.1] 39.4] 33.0/31.3/29.5|28.6 
47.5| 45.4) 43.4) 41.038.0]) 42.7) 41.0) 39.3) 37.7 29.9|28.2/27.3 
45.5) 43.5) 41.6) 39.336.4| 41.0] 39.3] 37.7] 36.1 327 .0|26.2 
43.7| 41.8) 39.9 dees 39.3) 37.8) 36.2) 34.6 25.9)25.1 
42.0} 40.2) 38.4) 36.3:33.6| 37.8| 36.3) 34.8) 33.3 24.9)24.2 
40.4] 38.7| 37.0) 34.932.4| 36.4) 35.0) 33.5] 32.1 24.0)/23.3 
39.0] 37.3) 35.6} 33.7/31.2) 35.1] 33.7| 32.3} 30.9 23.2/22.4 
37.6) 36.0) 34.4) 32.530.1] 33.9) 32.5) 31.2] 29.9 22.4/21.7 
36.4) 34.8) 33.3) 31.429,1] 32.8) 31.5} 30.2) 28.9 21.6/20.9 
35.2| 33.7| 32.2] 30.4,28.2|| 81.7) 80.4) 29.2) “a7.9) 93: 4) 23:3) 20.9 30.5" 
34.1) 32.6] 31.2) 29.5/27.3] 80.7] 29.5] 28.8] 27.1] 22.7] 21.5] 20.3] 19.6 
33.1] 31.7| 30.2) 28.626.5 
32.1] 30.7} 29.3] 27.7/25.7| 
31.2) 29.8] 28.5 oe 
30.3) 29.0 
29.5 | 28.2) 2 23.6 
28.7 |_ 27.51 26.31 24.81 23.0 


Loads above upper horizontal lines will produce maximum allowable shear in webs. 
Loads below lower horizontal lines will produce excessive deflections. 
For maximum safe loads, see page 219. 


of 


Coefficient 
Deflection 


224 


BEAM SAFE LOADS 


BEAMS 


ALLOWABLE UNIFORM LOAD IN THOUSANDS OF POUNDS 


Maximum Bending Stress, 16,000 Pounds Per Square Inch 


Depth and Weight of Sections oe 
Span ies) 
in ||15In. 12 Inch 10 Inch Bos 
Feet 3714 55 | 60 ' 45 | 40 | 35 [31%5| 28 | 40 | 35 | 30 | 25 j2auls 3 
Ibs. || Ibs. | Ibs. . lbs. | lbs. | lbs. | Ibs. | Ibs. |] Ibs. | Ibs. | lbs. | Ibs | Ibs. 
197.0 149.8 | 120.4 | 
3 190.2) 167.8 | 138.2 104.6 112.8104.1) 91.0 | 0.15 
4 142.7/1384.8|/127.0) 110.4] 101.5) 84.0 84.6) 78.1|71.6] 62.0 | 50.4 || 0.27 
5 114.1/107.9/101.6)95.6| 81.2] 76.7 67.7| 62.5|57.2|52.1/48.5)| 0.41 
99.6 68.2 
6 ||96.1|| 95.1) 89.9] 84.7|79.7| 67.6] 63.9/59.1) 56.4) 52.1 47.7|43.4|40.4|| 0.60 
7 ||82.4|| 81.5| 77.0| 72.6|68.3| 58.0] 54.8|50.6|| 48.4) 44.6 40.9|37.2|34.6]| 0.81 
8 ||72.1|| 71.3] 67.4] 63.5/59.8] 50.7] 48.0)/44.3 42.3] 39.0/35.8|32.6|30.3]| 1.06 
9 64.1] 63.4) 59.9) 56.4/53.1/45.1| 42.6/39.4 37.6) 34.7/31.8|28.9|26.9]| 1.34 
10 ||57.7|| 57.1) 53.9} 50.8)47.8)| 40.6] 38.4/35.5 33.9] 31.2/28.6)26.0|24.2|| 1.66 
11 |52.4|| 51.9] 49.0| 46.2/43.5) 36.9| 34.9) 32.2 30.8) 28.4|26.0|23.7|22.0]| 2.00 
12 ||48.1|| 47.6] 44.9] 42.3/39.8) 33.8] 32.0/29.5 28.2) 26.0/23.9|21.7|20.2]) 2.38 
13 ||44.4|| 43.9) 41.5) 39.1/36.8/31.2| 29.5)27.3 26.0} 24.0/22.0|20.0]18.6]) 2.80 
14 ||41.2|| 40.8) 38.5} 36.3/34.2] 29.0] 27.4/25.3 24.2) 22.3/20.4/18.6/17.3]| 3.24 
15 |38.4|| 38.0] 36.0) 33.9/31.9| 27.1| 25.6)/23.6 22.6) 20.8/19.1|17.4]16.2]) 3.72 
16 |36.0|| 35.7| 33.7) 31.7/29.9) 25.4) 24.0)22.2 21.2) 19.5)17.9/16.3)15.1] 4.24 
17 ||33.9|| 33.6) 31.7) 29.9|28.1] 23.9] 22.6|20.9 19.9] 18.4)/16.8)15.3)14.3]) 4.78 
18 |/32.0|| 31.7] 30.0) 28.2/26.6) 22.5] 21.3/19.7 18.8] 17.4/15.9|14.5/13.5]| 5.36 
19 |30.4|| 30.0] 28.4) 26.7/25.2] 21.4 20.2/18.7 17.8] 16.4/15.1/13.7|12.8]) 5.98 
20 |128.8]| 28.5] 27.0) 25.4/23.9] 20.3) 19.2 17.7|| 16.9) 15.6)14.3|13.0/12.1]|| 6.62 
21 1137.5\| 27.2) 25.7| 24.2)22.8) 19.3) 18.3/16.9 460 | 14.9 | 18.6 | 12.4 | 11.5 || 7.30 
92, |126.2|| 25.9] 24.5] 23.1/21.7| 18.4) 17.4/16.1 15.4| 14.2] 13.0 | 11.8 | 11.0 || 8.01 
93 |125.1|| 24.8] 23.4] 22.1/20.8/ 17.6] 16.7)15.4 | 8.76 
24 |/24.0|| 23.8] 22.5] 21.2/19.9} 16.9] 16.0)14.8 9.53 
25 123.1) 99.8) 21.6] 20.3} 19.1 | 16.2 | 15.3 | 14.2 110.35 
| 

296 |122.2|| 21-9] 20.7) 19.5] 18.4] 15.6 | 14.8) 13.6 11.19 
27 21.4} 12.07 
28 ||20.6 12.98 
9 ‘9 13.92 
29 ||19.9 aed 

30 ||19.2 . 
31 || i886 || 15.91 
32 || 18.0 i 16.95 


Loads above upper horizontal lines will produce maximum allowable shear in we 
Loads below lower horizontal lines will produce excessive deflections. 
For maximum safe loads, see pages 219 and 220, 
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CARNEGIE STEEL COMPANY 


BEAMS 


ALLOWABLE UNIFORM LoAD IN THOUSANDS OF POUNDS 


Maximum Bending Stress, 16,000 Pounds per Square Inch 
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produce maximum allowable shear in webs. 
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For maximum safe loads, see page 220. 
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CARNEGIE STEEL COMPANY 


MISCELLANEOUS BEAMS 


ALLOWABLE UNIFORM LOAD IN THOUSANDS OF POUNDS 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


H BEAMS 
Gab Depth and Weight of Sections Coeficiente 
in | | of — 
; 8 Inch 6 Inch 5 Inch 4 Inch Deflect 
ee 34,0 Pounds | 23.8 Pounds 18.7 Pounds | 13.6 Pounds oa 
| ~ 
25.0 
3 31.3 19.0 0.15 
4 | 87.6 25.4 14.3 0.27 
5 | 32.1 20.3 11.4 0.41 
60.0 
6 51.3 26.7 16.9 9.5 0.60 
7 44.0 22.9 14.5 8.1 0.81 
8 38.5 20.1 12:7 es 1.06 
9 34.2 17.8 ft Ch | eae ae CS haeriay 1.34 
10 30.8 16.0 10.1 5.7 1.66 
11 28.0 14.6 ~~" 9.27 2.00 
12 25.6 13.4 8.5 2.38 
13 23.7 ie alae 2.80 
14 22.0 | 11.5 3.24 
15 20.5 | 3.72 
16 toe A 4.24 
a a) haat a 1g 4.78 
is 17.1 5.36 
CROSS TIE SECTIONS 
Depth and Weight of Sections 
Span Coefficients 
in fo} 
Feet 6.5 Inch 5.5 Inch 5.5 Inch | 4.25 Inch 3 Inch : 
SS 27.8 Pounds 24.0 Pounds | 20.0 Pounds | 14.5 Pounds| 9.5 Pounds Defeston 
41.8 21.3 12.2 | 
3 40.6 40.3 27.5 19.6 8.9 0.15 
4 38900) 30:2 26.0 14.7 6.7 0.27 
5 30.6 24.2 BOS Salant 5.4 0.41 
| 
6 25.5 20.2 17a) os 4.5 0.60 
i Dias 17.3 14.8 8.4 3.8 0.81 
8 19.1 15.1 13.0 TB Mla aah eos 1.06 
9 17.0 13.4 11.5 6.5 3.0 1.34 
10 15.3 12.1 10.4 a tae pif 1.66 
11 13.9 11.0 9.4 5.3 2. 
12 12.7 10d ae aoe 
13 eS 9.8 8.0 2.80 
14 “10.9 8.6 7.4 3.94 
15 10.2 3.72 
16 9.5 4.24 
ee 9.0 4.78 


Loads above upper horizontal lines will produce maximum allowable shear in webs. 
Loads below lower horizontal lines will produce excessive deflections, 
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BEAM SAFE LOADS 


‘ CHANNELS 


ALLOWABLE UNIFORM Loap IN THOUSANDS OF PoUNDS 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


Depth and Weight of Sections 


S =| 
al — ~ oO 
ah 15 Inch | 13 Inch 26 
—| oc 
Tews 5550) 45: [20M 35 938.50) LON sy ass Nee as 
Ibs. | Ibs. | Ibs. | lbs. ; Ibs. | lbs. |] lbs Ibs. | Ibs. | lbs. | Ibs. | Ibs. |S 
245.4 | 216.0 | 186.6 | 205.7 | 176.3 \ 

3 |204.0190.9/177.3) 157.2 | 127.8 | 120.0 ]171.6)160.3) 146.9 | 129.2 | 117.5 |_97.5° 0.15 

4 /153.0)143.2)133.4123.6)113.8)111.1/128.7/120.2/111.7)106.6/103.2)97.5 0.27 

5 |122.4/114.5)106.7) 98.9) 91.0) 88.9/103.0| 96.2) 89.4) 85.3) 82.6 fe 0.41 

6 (102.0) 95.4) 88.9) 82.4) 75.8) 74.1] 85.8] 80.2) 74.5) 71.1] 68.8 65.0! 0.60 

re 87.4| 81.8] 76.2) 70.6) 65.0) 63.5] 73.6] 68.7| 63.8) 60.9) 59.0) 55.7) 0.81 

8 76.5) 71.6) 66.7] 61.8) 56.9) 55.6]) 64.4) 60.1) 55.9) 53.3) 51.6)48.7) 1.06 

9 68.0) 63.6) 59.3) 54.9) 50.6) 49.4) 57.2) 53.4| 49.7) 47.4] 45.9) 43.3) 1.34 
10 61.2} 57.3) 53.3) 49.4) 45.5) 44.5] 51.5) 48.1) 44.7) 42.7] 41.3/39.0) 1.66 
li 55.6) 52.1| 48.5) 44.9) 41.4) 40.4) 46.8] 43.7) 40.6) 38.8) 37.5) 35.4) 2.00 
12 51.0) 47.7| 44.5] 41.2) 37.9) 37.0) 42.9] 40.1) 37.2) 35.5) 34.4) 32.5| 2.38 
13 47.1; 44.1] 41.0] 38.0) 35.0) 34.2) 39.6) 37.0) 34.4) 32.8) 31.8) 30.0] 2.80 
14 43.7) 40.9] 38.1] 35.3) 32.5) 31.8] 36.8] 34.4) 31.9) 30.5) 29.5) 27.9] 3.24 
15 40.8] 38.2) 35.6) 33.0) 30.3] 29.6) 34.3) 32.1) 29.8) 28.4) 27.5) 26.0] 3.72 
16 38.2] 35.8] 33.3) 30.9) 28.4) 27.8] 32.2) 30.1) 27.9) 26.7) 25.8) 24.4) 4.24 
17 36.0! 33.7] 31.4); 29.1] 26.8) 26.1] 30.3] 28.3] 26.3) 25.1) 24.3) 22.9) 4.78 
18 34.0) 31.8) 29.6) 27.5} 25.3) 24.7) 28.6) 26.7) 24.8) 23.7) 22.9) 21.7] 5.36 
19 B2e2) (30-1) 28.1 2610), 23:9) 234i) 2721) 25.3) 23.5) 2274) 21-7) 20.5) 5.98 
20 30.6] 28.6] 26.7] 24.7| 22.8) 22.3] 25.7) 24.0) 22.3) 21.3) 20.6)19.5) 6.62 
21 2011) 27.3) 25-4) 2375) 2427| 21.2)) 24.5) 2279) 21.3) 20.3) 19:7) 18.6) 7-30 
22 27.8] 26.0) 24.3] 22.5) 20.7] 20.2) 23.4) 21.9] 20.2) 19.4] 18.8)/17.7; 8.01 
23 26.6] 24.9] 23.2) 21.5) 19.8) 19.3] 22.4] 20.9) 19.4) 18.5} 18.0) 17.0) 8.76 
24 25.5) 23.9) 22.2) 20.6) 19.0) 18.5] 21.5] 20.0) 18.6) 17.8] 17.2) 16.2) 9.53 
25 24.5) 22.9] 21.3) 19.8] 18.2) 17.8] 20.6) 19.2) 17.9) 17.1] 16.5) 15.6/10.35 
26 23.5] 22.0) 20.5} 19.0] 17.5) 17.1}) 19.8] 18.5} 17.2) 16.4) 15.9] 15.0}11.19 
27 22.7| 21.2} 19.8) 18.3] 16.9] 16.5] i947 | 17-8) 16.6 |" 6.8 | 15.8 | 14.4/12.07 
28 | 21.9) 20.5] 19.1) 17.7] 16.3] 15.9] 184) 17.2] 16.0) 15.2| 14.7] 18,9/12.98 
29 21.1) 19.7) 18.4) 17.0 15.7) 15.3 13.92 
30 20.4) 19.1) 17.8) 16.5) 15.2) 1 14.90 
Si 19.7185) 17-2) 16.9) 14.7] 14.3 15.91 
32 19.1] 17.9\" 16.7) 15.41 14.21 18.9| 16.95 

Loads above upper horizontal lines will produce maximum allowable shear in webs. 

Loads below lower horizontal lines will produce excessive deflections. 


For maximum safe loads, see page 221, 
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CARNEGIE STEEL COMPANY 


CHANNELS F 


ALLOWABLE UNIFORM LOAD IN THOUSANDS OF POUNDS 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


Depth and Weight of Sections |e 8 
ll) ese ae 
ee 12 Inch | 10 Inch |g os 
Feet z? = 5 j Z SA 
4 35 30 25 2019 35 | 30 25 20 | 15 a) 
lbs Ibs. lbs lbs. lbs. Ibs. | Ibs. lbs. bss 7) sibs: 
| | j 
||_.181.9 164.6 | 185.2 | 105.8 
2 ||175.1| 152.6 | 128.1 | 98.6 123.2|110.1| 97.0 |_76.4 48.0 0.07 
3 116.7 |106.2| 95.8 | 85.3 |_ 67.2 82.1| 73.4| 64.7 | 56.0 | 47.6 0.15 
4 87.5) 79:7) 71.8 64.0) | 5629 61.6] 55.1) 48.5 | 42.0 | 35.7 0.27 
5 70.0| 63.7] 57.5 | 51.2 | 45.5 49.3] 44.0] 38.8 | 33.6 | 28.5 0.41 
6 58.4 53.1 47.9 | 42.7 | 38.0 41.1] 36.7) 32.3 | 28.0 | 23.8 || 0.60 
7 50.0] 45.5] 41.1 | 36.6 | 32.5 35.2) 31.5) 27.7 | 24.0 | 20.4 O.81 
8 43.8] 39.8] 35.9 | 32.0 | 28.5 30.8| 27.5) 24.3 | 21.0} 17.8 || 1.06 
9 88.9| 35.4] 31.9 | 28.4 | 25.3 27.4| 24.5] 21.6 | 18.7 | 15.9 1.34 
10 35.0] 31.9) 28.7 | 25.6 | 22.8 24.6} 22.0] 19.4 | 16.8 | 14.3 1.66 
11 31.8) 29:0) 26.1 | 23.3 | 20.7 22.4! 20.0| 17.6 {15.38 13.0 2.00 
12 29:2)| 26.6) 23°9 || 21:3 |) F9°0 20.5| 18.4] 16.2 | 14.0 | 11.9 2.38 
13 2679) 24°51) 22.0 | 19 | eS 19.0} 16.9] 14.9 | 12.9 | 11.0 2.80 
14 25.0) (22-8) 20:5 18.3063 17.6) 15.7) 13.9 | 12.0 | 10.2 3.24 
15 23.3) 21.2) 19.2 | 17.1 | 15.2 16.4) 14.7; 12.9 11.2] 9.5 BZ 
16 21.9} 19.9] 18.0 | 16.0 | 14.2 L5.4)) 13-8) i271 10.5 | 8.9 4.24 
17 20.6] 18.7] 16.9 | 15.1 | 13.4 14.5] 13.0] 11.4 9.9 8.4 4.78 
18 19.5} 17.7) 16.0 | 14.2 | 12.7 13.7] 12.2) 10.8 bY ee sa i Zies?) 5.36 
19 18.4; 16.8] 15.1 | 13.5 | 12.0 13.0} 11.6] 10.2 8:35) 5 5.98 
20 17.5 | 15.9] 14.4 | 12.8 |} 11.4 LOS tt Oi nad 8.4 ek 6.62 
} 
21 TOTe Sat Soke eben OS Ns: aia ao ban aeons BO 6.8 ||) asO) 
22 1539) AT eS. i) tale) | Oa: Bis! 20:0 8.8 76 | 6.5 || 8.01 
23 15.2) 13.9) 22.5.) bia 9.9 8.76 
24 || 14.6] 13.3] 12.0 | 10.7 | 9.5 9.53 
25 14.0 12.8 STE by lien sean en outen LOV3S5 
26 18.5 1 12.8 phlei 9.8 8.8 {11.19 


Loads above upper horizontal lines will produce maximum allowable shear in webs. 
Loads below lower horizontal lines will produce excessive deflections. 
For maximum safe loads, see page 221, 
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BEAM SAFE LOADS 


CHANNELS 


ALLOWABLE UNiIFoRM Loap IN THOUSANDS OF POUNDS 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


Depth and Weight of Sections fone 
So 
eeen 9 Inch 8 Inch 7 Inch Che 
Feet | 25 | 20 | 15 |13%4 } 2144) 1834) 1614 (1354 | 1144 | 1934 | 1714 | 1484 | 1214 | 984 98 

Ibs. | Ibs. | lbs. | Ibs. | Ibs. | lbs | Ibs. | Ibs. | Ibs. || Ibs. | Ibs. | Ibs. | Ibs. | Lbs. |] S 

110.7 | 81.4 93.1 |_78.4 | 68.8 | 49.1 | 88.6 |_73.9 | 59.2 | 44.5 

2 | 83-8/72.0| 51.8 | 41.4 |163.7|58.5|53.2 /48.0| 85.2 50.6 /46.0/41.4/36.8 | 29-4 || 0.07 
3 || 55.9|48.0|40.2/87.4]]42.5/39.0/35.5/32.0|28-7 33.7 |30.7|27.6/24.6|21.4//0.15 
4 || 41.9|36.0/30.1 |28.01/31.8/29.2126.6)24.0|21.5]/25.3|23.0}20.7|18.4|16.1)//0.27 
5 || 33.5/28.8/24.1/22.4||25.5/23.4|21.3]19.2/17.2)|20.2/18.4]16.6|14.7 |12.9|/0.41 
6 7.9|24.0/20.1/18.7|121.2/19.5|17.7|16.0]14.41]16.9]15.3/13.8/12.3|10.7||0.60 
7 || 23.9/20.6/17.2)16.0|/18.2)16.7|15.2|13.7/12.3)/14.4/13.1)11.8|10.5, 9.2]/0.81 
8 || 20.9/18.0]15.1/14.0)/15.9]14.6]13.3]12.0/10.8)12.6/11.5/10.4] 9.2] 8.0)/1.06 
9 || 18.6]/16.0]13.4)12.5]14.2)13.0]/11.8|10.7| 9.6]11.2/10.2| 9.2} 8.2) 7.1])1.34 
10 || 16.8/14.4)12.1]11.2|/12.7|11.7|10.6| 9.6] 8.6]/10.1) 9.2) 8.3) 7.4) 6.4//1.66 
11 || 15.2]/13.1|11.0/10.2||11.6)10.6] 9.7] 8.7) 7.8] 9.2| 8.4] 7.5) 6.7] 5.8)/2.00 
12 || 14.0]12.0/10.1| 9.3]|10.6] 9.7) 8.9] 8.0] 7.2] 8.4] 7.7] 6.9) 6.1) 5.4))2.38 
13 || 12.9]11.1| 9.3] 8.6] 9.8] 9.0] 8.2] 7.4] 6.6) 7.8] 7.1] 6.4| 5.7| 4.9//2.80 
14 || 12.0|10.3) 8.6] 8.0]! 9.1] 8.4] 7.6] 6.9] 6.2] 7.2} 6.6) 5.9) 5.3) 4.6)/3.24 
15 || 11.2) 9.6] 8.0) 7.5] 8.5] 7.8) 7.1] 6.4] 5.7] 67 [61 | 56 | 49 | 43 |/3.72 
16 || 10.5| 9.0} 7.5| 7.0)| 8.0| 7.3] 6.7| 6.0) 5.4] 6.3 1| 62) 4.6 | 4.0 ||4.24 
17 9.9] 8.5} 7.1] 6.6/7.5 | 69 | 6.8 | 5.6 | 61 4.78 
18 9.5) 8.0] 6.7} 6.2) 7.1) 65 | 5.9 | 5.3 | 48 5.36 
19 |) 88 | 76 | 63 | 5.9 5.98 
20. 8.4 | 7.2 | 6.0! 5.6 =_ 6.62 


| 


Depth and Weight of Sections ion, 

ss 

Span 6 Inch 5 Inch 4 Inch 3 Inch 8 Bs 
Tape fom] 
Feet |11544| 13 1104/8 [11%] 9 | 644] 74) 64/54] 6 | 5] 4 | BS 

Ibs. | Ibs. | bs. | lbs. || Ibs. | Ibs. | lbs. jj Ibs. | lbs. | lbs. || Ibs. | Ibs lbs 5 
esas! 
s | | 
47.7 26.0 | 21.7 | 15.8 
hi 67.6 | 52.8 | 38.2 | 24.0 ||44.4| 93.0 | 19.0 |) 24.4) 20.2) 14.4) 14.7/13.1) 10.2 |) 0.02 
9 ||34.7/30.8|26.9|23.1//22.2/18.9/15.8]]12.2)11.1) 10.1) 7.4) 6.6) 5.8)/ 0.07 
3 || 23.2/20.5|17.9] 15.4) 14.8) 12.6) 10.5 8.1| 7.4] 6.7] 4.9) 4.4] 3.9]] 0.15 
4 17.4/15.4|13.4/11.6//11.1| 9.5| 7.9) 6.1) 5.6 eA bat oro 2-9 | Onzt, 
5 ||13.9/12.3/10.8] 9.2] 8.9] 7.6} 6.3] 4.9) 4.5) 4.1) 2.9 2.6| 2.3]| 0.41 
6 ||11.6/10.3| 9.0] 7.7]| 7.4) 6.3] 5.3]) 4.1] 3.7) 3.4) 2.5) 2.2 1.9|| 0.60 
Z 9.9| 8.8| 7.7] 6.6] 6.3] 5.4] 4.5] 3.5) 3.2) 2.9) "2a | 19 | 1.7 0.81 
8 8.7| 7.7| 6.7| 5.8|| 5.5] 4.7] 4.0] 3.0) 2.8) 2.5) 18] 18 | 1.5 1.06 
9 || 7.7| 6.8] 6.0] 5.1] 4.9) 4.2) 3.5 Di eae Ee) 1.34 
10 6.9| 6.2| 5.4| 4.6] 4.4) 3.8] 3.2] 2.4 | 2.2 2K 1.66 
16h || 6.3} 5.6| 4.9] 4.2] 40) 34 |2.9- 2.00 
LO N58! be Paro Seon 827) S228 |) 82:6 2.38 
13 | G5 Sale ey ea esson 2.80 
14 || 5.0 | 4.4 | 3.8 | 3.3 | 3.24 
Loads above upper horizontal lines will produce maximum a lowable shear in webs. 
Loads below lower horizontal lines will produce excessive deflections. 


For maximum safe loads, see page 221. 
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CARNEGIE STEEL COMPANY 
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CARNEGIE STEEL COMPANY 


EQUAL ANGLES 


ALLOWABLE UNIFORM Loap IN THOUSANDS OF POUNDS 


Neutral Axis Parallel to Either Leg 


Maximum Bending Stress, 16,000 Pounds per Square Inch 
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BEAM SAFE LOADS 


UNEQUAL ANGLES 


ALLOWABLE UNirorM Loap IN THOUSANDS OF PouNDS 


Neutral Axis Parallel to Shorter Leg 


Maximum Bending Stress, 16,000 Pounds per Square Inch 
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CARNEGIE STEEL COMPANY 
Neutral Axis Parallel to Shorter Leg 
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ALLOWABLE UNIFORM LOAD IN THOUSANDS OF POUNDS 
Maximum Bending Stress, 16,000 Pounds per Square Inch 
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ALLOWABLE UNIFORM LOAD IN THOUSANDS OF PouNbs 


Neutral Axis Parallel to Longer Leg 


Maximum Bending Stress, 16,000 Pounds per Square Inch 
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BEAM SAFE LOADS 


TEES 


ALLOWABLE UNIFORM LoAp IN THOUSANDS OF PouUNDS 


Neutral Axis Parallel to Flange 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


EQUAL TEES 


Size * 1 Foot |Maximum Span) Bize 1 Foot |Maximum Span 
_ |Weight] Span |360x Deflection Weight} Span |360x Deflection 
Flange,| Stem, Hoth Flange,| Stem, Pook 
Inches | Inches |[Pounds| Safe | Safe |Length,|| Inches | Inches |Pounds| Safe | Safe | Length, 
Load | Load | Feet Load | Load | Feet 
6% 6% | 19.8 | 52.80) 2.77 | 19.1 214 244 | 4.9 4.37 | 0.69 6.3 
4 4 13.5 | 21.55] 1.89 | 11.4 24% 24 | 4.1 3.41 | 0.53 6.4 
4 4 10.5 |16.85| 1.45 | 11.6 2 2 4.3 Sa, 0259) || 5.6 
8%) 3% | 11.7 | 16.382] 1.65 9.9 2 2 SO) eal | OVLOR Sxl 
3% 3% 9.2 | 12.69) 1.27 | 10.0 134 134 | 3.09 | 2.03 | 0.41 4.9 
3 3 9.9 | 11.73} 1.41 8.3 1% 1% | 2.47 | 1.49 | 0.36 | 4.1 
3 3 8.9 | 10.45] 1.24 8.4 1% 1% | 1.94 | 1.17 | 0.27 4.3 
3} iS 7.8 | 9.17) 1.08 8.5 14% TAZ N22 020 | WO Ors 09) 8.4 
3 3 | 6.7 | 7.89] 0.92 8.6 14% 11 | 1.59 | 0.78 | 0.22 3:5 
24 24% 6.4 6.29} 0.90 fia) j 1 1.25 | 0.49 | 0.18 2. 
246 2% Seon OrooleOnto a), ide il 1 0.89 | 0.35 | 0.12 | 2.9 
UNEQUAL THES 
Size Faced i Foot |Maximum Span) Size 1 Foot|Maximum Span 
Weight} Span |360x Deflection Weight| Span | 360x Deflection 
per | per |. _ 
Flange,| Stem, | Foot, Flange,| Stem, | Foot, 
Inches| Inches |Pounds| Safe | Safe |Length,) Inches| Inches |Pounds| Safe | Safe |Length, 
Load | Load | Feet Load | Load | Feet 
‘aH 3 11.5 | 11.33) £25 9.0 3% 3 10.8 | 12.05] 1.42 8.5 
5) 2% | 10.9 | 8.96) 1.20 aD Bis 33 8.5 | 9.49] 1.09 8.7 
AY 3 | 15.7 |) 22.72) 2.37 9.6 34% | 3 7.5 | 9.07] 1.04 8.7 
4% 3 9.8 | 9.71] 1.07 9.1 3 4 11.7 | 20.69| 1.92 | 10.8 
4M 3 8.4 | 8.32) 0.90 9.2 3 4 10:5 \ 18.35) 1.68 | 10%9 
4M 2% 9.2 | 6.72) 0.87 Tall 3 4 9.2 |16.11] 1.47 | 11.0 
Av 24% 7.8 | 5.76) 0.74 7.8 3 31% | 10.8 | 15.89) 1.66 9.6 
4 5 15.3 | 33.39| 2.40 | 13.9 3 34% 9.7 |14.19| 1.46 9.7 
4 a 11.9 | 25.92) 1.84 | 14.1 3 3% 8.5 |12.37| 1.26 9.8 
4 AY | 14.4 |27.09| 2.15 | 12.6 3 2% 7.1 | 6.40) 0.89 Ue? 
4 4% | 11.2 |21.12| 1.65 12.8 iB 2% 6.1 5.55| 0.76 riers 
4 3 9,2} 9.60] 1.08 8.9 24 3 7.1) 8.96) 1.08 8.3 
4 3 HASNT PAL (0) ENO) 9.1 2 3 Gale eae6S OLOm 8.4 
4 21% |=8.5 | 6.61) 0.87 7.6 24 114% | 2.87 | 0.93) 0.25 Stl 
4 24 F2\ 5.65.| 0.73 Wall 2 1144 | 3.09 | 1.60) 0.36 4.4 
4 2 7.8 | 4.27) 0.70 6.1 1% 2 ZA5 | 2.03.) 0.87 ae 
4 2 6.7 | 3.63] 0.59 6.2 1% 1) 1-255) 05%) Osh Batt 
3% 4 TG VOL IPA AO) |) eile 14% 54 | 0.88 | 0.14| 0.07 1.9 
3% 4 9.8 1.46 ! 11.3 
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CARNEGIE STEEL COMPANY 


ZEES 


ALLOWABLE UNIFORM LOAD IN THOUSANDS OF PoUNDS 


Maximum Bending Stress, 16,000 Pounds per Square Inch 


Neutral Axis Parallel to Flanges 


Size 1 Foot Maximum Span 
Weigh 62 ih Span | 360 x Deflection 
Depth, Flanges, Thickness, Bee os | 
Inches Inches Inches Pounds | Safe | Safe Length, 
| Load Load Feet 
| | 

6% 354 % 34.6 | 174.93 | 1418 12.3 
6b 33 13 32.0 162.35 13.30 IPA 
6 3% 34 29.4 149.76 12.40 12.1 
6% 354 i 28.1 150.40 | 12.19 123 
6y5 31s 56 25.4 PSGU7 Sh 1A 20) ee 
6 3% os 22.8 123.20 10.20 ten 
6% 35% 4% ileal 119.68 9.70 12.3 
6y5 333; a 18.4 104.85 8.59 12.2 
6 3% 3% 15.7 90.03 7.45 foe 
5% 334 Me 28.4 | 119.47 11.58 10.3 
Stk Sis 34 26.0 110.29 10.82 10.2 
5 | 3 i} Dau 101.01 10.03 10.1 
5% 338 5% 22.6 102.08 9.89 10.3 
ty 35 % 20.2 91.95 9.02 10.2 
5 3 i“ 17.9 81.92 8.14 10.1 
5% 33 ae 16.4 79.36 7.69 10.3 
Sth 3x % 14.0 68.16 6.69 10.2 
5 3 rs 11.6 56.96 5.66 10.1 
41g 333, 34 23.0 77.44 9.32 8.3 
va 3% i} 20.9 70.93 8.67 8.2 
4 318 % 18.9 64.53 8.01 8.1 
414 rs Is 18.0 65.92 7.93 8.3 
4y 3% % 15.9 58.67 Holly 8.2 
4 3y4 Ya 13.8 51.52 6.40 8.1 
414 33; 3% 12.5 49.81 6.00 8.3 
445 3g ts 10.3 41.71 5.10 $2 
4 3a YY ue) 33.49 4,16 8.1 
at 234 & 14.3 36.59 5.93 6.2 
3 24 “% 12.6 32.64 5.40 6.1 
3x 234 fe 11.5 31.79 5.15 6.2 
3 233 3% 9.8 27.41 4.54 6.1 
325 234 + 8.5 25.39 4.12 6.2 
3 24 A 6.7 6:1 


20.48 
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STRUCTURAL DETAILS 


Nominal dimensions are:—flange width and “o”’ in eighths, web thickness 
in sixteenths. Gages for connection angles are determined by web thickness. 

Standard gages may be varied if conditions require. 

Gages for channels in riveted channel columns are given on pages 297 to 307. 


Depth | Weight Web | Web ; Distance Max. 
of per rae Thick- | Thick- meee oe - = Rivet in 
Channel} Foot 4 ness ness g Dp i oO h Flange 
To, Lbs. In. Tn. dine In In. In In. Van, =) li 
55.0 3% 134 Ae 2% 6 | 12% | 1% KB 
50.0 334 34 % 2% 1%, | 12% | 1% 1346 
15 (45:0 | 3h | % | Ye | 2 b% | 12\4 | 1% | Me | x 
So | ae acl Se | 2 y | ie | ae | 
50.9 436 1346 3% 3 %e 104% | 1% % 
45.0 | 414 | 1%46 | Me | 234 %e | 104 | 1% 4 
13 | 40-0 | 4% %e 546 234 %e | 104 | 1% % Wi 
37 Ome VY 44 | 24% | Me | 10% | 1% | %e 
35.0 | 478 | Vs iy | 2% | Ye | 10% | aoe 
32.0 | 4 3% Ae 2% %e «| LO | 1% “As 
40.0 | 3% 34 a4 || @ 5% | 10 1 1346 
o Bee | | de | BYR LE | BE 
2 5 4 2, AA A, 2 8B 
eel | A ee) Ble lk |e 
: %A6 78 A 2) 78 
35.0 34 184 Te 134 4% 8% % Xs 
30.0 3 1146 % 134 M4 84 % 34 
10 |25.0 | 2% Vy Me 134 “% 84 1% %e 34 
20.0 | 234 s% | Se | 14 | TAs 84 1% | Ae 
eo eee ag | Me Nae | Siw) Shae) ee Oe 
25.0 |2% | % | %e | 14 | B | 74) % | Me 
DOO N28. | he | wm. | ell 26 | el A ie 
@ arp | ic | He | Sie | 15 |) he | F241 Bol 4 
13.25 | 214 PVA wa Gee || ae 74 % | "Ae 
18.75 | 2} My VY, iY V6 MY % "A 
g |16.25| 21 | fe | Hc 14 | He | 8a) Be) @ 4 
7 37 2 ve A A ve 
WA 5 5 il 1% rg 5 1% 3 11A¢ 
Oe Ne | ae) bia | | Me 
7 |14.75| 234 | Ac y%e| 1% | te 5M 34 A 4% 
ipo} oi | He | Me | 14 | % | BM | 4 | Bs 
975|2% | «| % |1%| & | 54| | Me 
5 ky % 5 13 3% 4% 34 54 
6 ; 1 B/, 8) 1Z bys 4% 34 84 78 
10.5 2h Ac iis ‘ 73 A v; “4 i) 
8.0 2 6 8 8 6 2} 
11.5 | 2% V% VA 1% Ae 334 5B %e 
Pag Se | Se ee | Me Be we ee | 
6.5 1% 16 oma 1% 46 334 % “4 
Sop ed 5 8 1 Be | 254 56 8 
4 ee 1 fs Ne 8 1 Be | 234 5 Ae 4% 
5.25| 1% 46 % 1 46 294 % i 
0 | 1% | % | % u%\ w | 1%) % | es 
Be UN es lige wales lee | 1 bs | Ms % 
4.0 1% He “% K A, A, 8 4, 


CARNEGIE STEEL COMPANY . 


BEAM CONNECTIONS 


94” 


od ” 
roar 


218 4"x 4x V4"x 1.814" 2184" 4x "x 1.544" 
Weight 46 lbs. Weight 39 lbs. 


PAB, Wey ANS}. 


2154" 4x 14"x Lay” 213 4"x 4"% tAe’x 0111" 
Weight 33 lbs. Weight 23 lbs. 


12” HO” By 


215 4"« 4x He's 01814" 206"x 4x 36’x 04514" 
Weight 17 lbs. Weight 13 lbs. 
te 6,’ a” 4’ BY 
‘ 15% aye ad 
215 6"s 4’x %’x 0/3” 216"« 4x 9¢’x 0-2” 
Weight 7 lbs. Weight 5 lbs. 


Rivets and bolts 34’ diameter. 


Weights given are fe 34-inch shop rivets and angle connections; about 20 per cent should 
be added for field rivets or bolts. 
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STRUCTURAL DETAILS 


BEAM CONNECTiONS—Concluded 


LIMITING VALUES OF BEAM CONNECTIONS 


Value of Values of Outstanding Legs of Connection Angles 
I Beams Web ; : 
Connection Field Rivets Field Bolts 
Weight| Shop Rivets |34’’ Rivets or) Minimum ayer Mini 
Depth, | Pounds] 12 Enclosed |Turned Bolts, Allowable t, Rouge Bolts, Aiseable t, 
Inches| per Bearing, | Single Shear, | Spanin Feet, In. | Single Shear, |Spanin Feet,| In. 
Foot Pounds Pounds |Uniform Load Pounds |Uniform Load 
27 | 90 82530 61900 18.9 54 49500 23.6 5 
24 80 67500 53000 leas 56 42400 21.9 5% 
74 64260 53000 16.4 5% 42400 20.4 5% 
21 | 60% 48150 44200 14.2 56 35300 17.8 5% 
20 65 45000 35300 17.6 56 28300 22.1 4 
18 55 41400 35300 13.3 58 28300 Ge 5% 
48 34200 35300 12.8 15 28300 15.4 i% 
15 42 36900 35300 8.9 56 28300 ileal 5% 
37% 29880 35300 9.7 % 28300 10.2 8 
12 314% 23600 26500 8.1 ae 21200 9.0 5% 
28 19170 26500 9.2 au 21200 9.2 % 
10 25 27900 17700 7.4 56 14100 9.2 5% 
224% 22680 17700 6.8 5% 14100 8.6 5% 
9 | 21 26100 17700 IS 5% 14100 Pell 54 
8 18 24300 17700 4.3 5% 14100 De 54 
174 | 19800 17700 4.4 54 14100 5.5 54 
fe ASS 11300 8800 6.2 56 7100 ise 54 
Gait 10400 8800 4.4 54 7100 BS bg 
5 934 9500 8800 2.9 5% 7100 3.6 54 
4 7% 8600 8800 2.2 <a 7100 2.7 58 
3 54% 7700 8800 las % 7100 1.4 5% 
ALLOWABLS Unit STRESS IN POUNDS PER Square INcH 
ec Shop 12000] ise ee eines a 
ingle] Rivet __ Field 10000|Beari ivets—one SM tics 2 
Shear ah ce aa Bole os a Rivets and Turned Bolts, Field 20000 
BNET idee cao eonne | Roush Boltac: sauna. Field 16000 


t=Web thickness, in bearing, to develop max. allowable reactions, when beams frame opposite. 

Connections are figured for bearing and shear (no moment considered). 

The above values agree with tests made on beams under ordinary conditions of use. 

Where web is enclosed between connection angles (enclosed bearing), values are greater because 
of theincreased efficiency due to friction and grip. 

Special connections shall be used when any of the limiting conditions given above are exceeded— 


such as end reaction from loaded beam being greater than value of connection; shorter span with 
beam fully loaded; or a less thickness of web when maximum allowable reactions are used. 


= = a — — ll 
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CARNEGIE STEEL COMPANY 


‘ BEAM SEPARATORS 


AMERICAN BRIDGE COMPANY STANDARD 


Beams Separator 84’’ Bolts _ | 
ees ae 3 (aes 
2 B8 Z e Dimensions 2 5 g 25 oe 
= ; Sal2.e] | ais=| & (Sela 
fis) Weight ilies eas 5 Ay 8 ey Diagrams 
-| per Foot, |S 2/383 eles] wf leS;e35 
$| Pounds [|e Bisa|7 |b | do | tieie<) = lesie< 
a £315 ,8 |In.| In. | In. |In| =| 3s | & || g~ 
A les BIS.) A Bees 
Os ° Se [za] 4s 
24/115-110-105] 834/1634/8 |20 |12 |54/31| 3.6] 1014] 3.4]0.25 
100 8 |15%4/714\20 |12 |5¢/28/3.6)10 |3.2/0.25 
24) 95and 90 |8 /1514|714/20 |12 |Sl28/3.6/10 |3.2/0.25 
85 S |1534/714/20 |12 |54|29/3.6] 914)3.1]0.25 
80 8 |15 |734/20 [12 (5¢/29/3.6| 934)3.1/0.25 
100 and 95|8 |1534)7 |16 {12 |s4!22/2.9/10 |3.2/0.25 
20 90 734/14341634/16 [12 |54'22/2.9] 914/3.1|0.25 
85 and 80 |714/1414/634/16 [12 |5¢22)2.9] 9 |3.0/0.25 
~ 75 7414 1634/16 [12 |54/22/2.9} 9 |3.0/0.25 
20 70 7 1133416144116 |12 |5¢/21|/2.9} 9 |3.0/0.25 
65 7 |1314/614|16 |12 |5¢|21/2.9) 8343.00.25 
90 8 |1514/7 |14 | 9 |5¢/20/2.5)10 |3.2/0.25 
18} 85 and 80/8 |1536\714|14 | 9 |5¢/21/2.5)10 |3.2/0.25 
75 8 |15 |714]14 | 9 |5¢/21/2.5/10 |3.2/0.25 
70 and 65 |7 1334/64/14 | 9 |5</18/2.5] 9 |3.0/0.25 
18 60 7 |1334/644|14 | 9 |5¢/19/2.5} 814/3.0|0.25 
55 7 |13 |6g\14 | 9 |5¢|19/2.5] 814/3.0/0.25 
mae 7 /1334)6 [11 | 714)14/12/1.6] 9 |3.0/0.25)! 
15} 70 and 65 |7 /1314/634/11 | 714/14|12|1.6| 9 |3.0 OPS KC i eee: 
60 674)1274)534|11 | 7}o)34/11]1.6] 8 |2.7/0.25)" Tg 
55 614|1214/534|1 7419/11) 1.6] 8 |2.7/0.25) azn 
15) 50 and 45 |6% 1214 6 % ital 74 iy 12)/1.6) 8 37 0.25 Ye" Cored Holes 
42 674/12 |6 [11 | 7444]12/1.6) 8 |2.7/0.25 
1S 55 6 |1134|514| 834] 5/14] 9/1.3] 8 |2.7/0.25 
50 6 |1134|534| 834| 5 [44] 9/1.3] 8 |2.7/0.25 
45 6 |1134\514) 834) 5 [14] 9)1.3]) 734)2.610.25 
12} 40 and 35 |/6_ 1124/54] 834) 5 |14| 911.3] 714|2.6/0.25 
31.5 6 |11 |534| 834) 5 |14] 9] 1.3] 7314/2.6]0.25 
40 514|1034|434| 714 V4) 61.1) 714) 1.3/0.13 
10 35 544]1014/434| 714 144] 61.1] 7 |1.3/0.13 
30 5101415 | 714 Yl 71.1) 7 |1.3/0.13 
25 514/10 |5 | 71% 3) 71.4) 7 |1.3/0.130” 
35 5 |10 |44] 6% 44) 5/0.9] 7 |1.3]/0.13) Mc, 
9 30 5 | 9144] 646 V4) 5|0.9| 614) 1.210.13) | 1% 
25 5 | 914/414] 614 14} 5/0.9] 614|1.2/0.13 
21 5 | 914\414] 614 Ya! 5]0.9} 64] 1.2/0.13 
25.5 444) 9 |4 | 5% ¥4| 4/0.8] 6 |1.1/0.13 
8} = 23  |414| 83ql4 | 546 ¥4| 4/0.8) 6 |1.1/0.13]] | 
20.5and 18/414) Sila | 514 Mg] 4/0.8] 6 |1.1/0.13 
e 20 414) 8444 | 5 | 4)0.7| 6 |1.1/0.13;4 | 
17.5 4¥9) 84/4 | 5 Pole. Cd\ Gy (iI GPSS es) is ees 
15 44] 84\4\4| 5 | 410.7] 6 |1.1)0.13} ay, 
17.25 |4 | 7341316) 414 V4} 4)0.6] 514) 1.1/0.13 
6] 1475 |4 | zii3ia| aia) (52) love] BST TiO4s|  14”/ Cored Hole 
pile ete55 4s easels 4|_ 410.61 514) 1.110.13 
For 5’’, 4’”” and 3’’ beams, use 1’’ gas pipe 3}4’’, 3” and 234’ long respectively. 
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STRUCTURAL DETAILS 


TIE RODS AND ANCHORS 


AMERICAN BRIDGE COMPANY STANDARD 


2Y%'to1s' Ye'to1ly’ 


al ani 


oo : INCH TIE RODS 


Lenerus aND WeIGHTsS FoR Various Distances ©. To C. oF Brams 


Weights include two Nuts 


C. to C.| Length| Weight||C. to C| Length) Weight C. to C.| Length| Weight IC. to C. Length| Weight 
Ft.-In. | F¢.-In. | Pounds|| Ft.-In. | Ft.-In. | Pounds|| Ft.-In. Ft.-In.| Pounds]! Ft.-In. | Ft.-In. | Pounds 
1-0 1.8 | 280)| 1-3 | 1-6 || 2.67) 1-6 | 1-9 | 3.05]) 1-9 || 2-0 3.42 
2-0 2-3 3.80]| 2-3 2-6 4.17|| 2-6 2-9 4.55|| 2-9 3-0 4.92 
3-9 | 3-3 | 5.30|| 3-3 | 3-6 | 5.67|| 3-6 | 3-9 | 6.05) 3-9 4-0 | 6.42 
ALO 42) G80) 429 1) 4269 | 77) 4-6) 14-99 7255) 4-0 0) || Veees 
Be ibe3) | 830i 5-3. |. 5-61) S267) 5-6 25-9) | 9:05 5-9 | 6-0 |} 9.42 
6-0 6-3 | 9.80]] 6-3 | 6-6 |10.17]) 6-6 | 6-9 |10.55|| 6-9 7-0 | 10.92 
re) | 723 | 11-80) 7-3) 7-6) |LL-67)| 7-6 | 97-991 12-05 7-9 | 8-0 |12.42 
8-0 8-3 |12.80]| 8-3 8-6 | 13.17|| 8-6 829) 137,55) 8-9 9-0 | 13.92 
ANCHORS 
Swepenu Bour GovERNMENT ANCHOR 
i aor Or 
i 
Weight includes a . WK WK 

Diameter | Length | Weight | | Recto 

ig ' 

| Inches Feet - Inches Pounds Ae ass 

a) Yr 

4 0-9 Ih eae eal 

i - | PB) | ' 

1 1-0 | Six sal lament adhd Yate Patces cs 

14% 1-3 6.1 | 34” Rod 1/9/ long. Wt., 3 lbs. 


AnGLE ANCHOR 


=) 
\ 

‘Sy 

Ine) 

: 

S 

3 6’ x % x 6 

Z, Plates 

ae 


When center to center of anchors is less than 2 Angles 6” x Au xThe” x0’ 244" 
width of washer, use washer with two holes. Weight with 34” bolts, 7 lbs. 
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CARNEGIE STEEL COMPANY 


BEARING,PLATES 


The size and thickness of steel bearing plates depend on the end 
reaction, length of bearing, and unit pressure. The following table 
gives sizes for beams of usualspans, the allowable safe loadsin thousands | 
of pounds and the span of beams giving equivalent end reactions. 


STANDARD BEARING PLATES 


Bearing Plate Titian Beam 


Beam 2b | i Bearing Plate | y+ 
iy 5S lwils3 Span 
Wt., | $3 | SHEE | We, | Seq] D 

Depth) Lbs. |#5) Size, | Wt., Te oe Depth,| Lia. |ae Size, | We., grey cee 
in, per lan). ins TBS. psec |e) Ee || per | n. s.| 7 aa) 

Fi. Ss | Tos | Ft. | | Ft. ie Load | Ft. 

27 |90 16 /16x16x1| 73 | 48.8} 24.0) 10 25 | 8 12x8x34| 21|13.1| 9.9 
24 |80 16|16x16x 1) 73 | 37.9 | 24.5 9 21 | 8 |L2x8x54) 17] 8.7 | 11.6 
21 (60.5 | 16/16x16x 1] 73 | 44.0} 14.2 8 |18 | 8 | 8x8x 12/16.7} 4.5 
20 |65 16|16x16x1 | 73 | 35.0] 17.8 7 \15 8 | 8x8 12/15.4} 3.6 
18 {55 16/16x16x 1] 73 | 34.1) 13.8 | 6 |12.25) 6 6x6x4} 5/12.0! 3.2 
2 60 16|16x16x 1} 73 | 34.1] 12.6 5 | 9.75) 6 | 6x6xl4) 5/10.7} 2.4 
42 12/16x12x1|55|24.4]12.9]| 4 7.50, 44; 4x4x3%| 2/ 9.0] 1.8 

12 31.50) 12|12x12x34/ 31/206 ° 9.3 3! 5.50) 4 | 4x4x34| 2! 7.2) 1.3 


Aliowable loads given for standard beams will apply also to supplementary 
and other beams of equal depth and end reactions. 


Plates of special sizes may be taken from the table of projection 
coeficients given below, calculated from the following formula. Let 


A =length of bearing plate, in inches. 
B =width of bearing plate, in inches. 
t =thickness of bearing plate, in inches. 


———— E— b =flange width of beam, in inches. 
aaa ie R =reaction on bearing plate, in pounds. 
oe ee Wn eee. oe w =R-+AxB, allowable unit pressure on masonry. 
R(B—b wAB(B—b fAt2 4ft2 
M= SE) _ wABB—») _ ts — 5: Bb) =F" | or when t= 16000, 
B (B—b) = sages" , the same as the formula for rolled steel slabs, page 265. 


Ru LE:—Take from table on opposite page the proper size bearing plate 
for the reaction and unit pressure. Multiply the width of the plate by the 
width minus the width of the beam flange and select from the table below 
the thickness corresponding to the value for the given unit pressure. 


PROJECTION CORPFFICIENTS 


ce Thickness of Bearing Plates, in Inches 
Lbs. per 
Sq.tn.| 26 | 34 | % | 34 | % | 1 | 136] 1%] 1%] 1% 
75 |40.0|}71.1/111.1] 160 | 218| 284] 360 444 | 538 | 640 
100 |30.0/53.3| 83.3] 120| 163 | 213 | 270 333 | 403 | 480 
125 |24.0)42.7| 67.7) 96] 131] 171] 216 267 | 323 | 384 
150 |20.0/35.6| 55.6} 80/109| 142] 180 222 | 269 | 320 
175 |17.1/30.5| 47.6) 69| 93] 122/154 190 | 230 | 274 
200 |15.0/26.7| 41.7] 60] 82) 107/135 167 | 202 | 240 
250 |12.0/21.3] 33.3] 48] 65! 85 108 | 133 | 161 | 192 
300 |10.0/17.8]} 27.8) 40] 54] 71! 90 111/134] 160 
350 8.6/15.2) 23.8] 34] 47] 61] 77] 95 US WAST 
400 7.5|13.3] 20.8] 30] 41| 53] 68 83} 101) 120 


STRUCTURAL DETAILS 


BEARING PLATES 


Sarge RESISTANCES IN THOUSANDS OF POUNDS 


Wall Bearing Plates Pressure in Pounds per Square Inch 
Bear- | | , 
ing, \Length, Width, 9 = 
ring, [uength,| Width) 75 | 100 | 125 | 150 | 175 | 200 | 250] 300 | 350} 400 
4 4 4 1.2 1.67 2.0 2.4 2.8 3.2 4.0 4.8 5.6 6.4 
4 4 6 1.8} 2.4] 3.0 3.6| 4.2 4.8 6.0| 7.2) 8.4 9.6 
4 4 8 2.4) 3.2) 4:0 4.8; 5.6 6.4 S:0|) 9:6) dae) 258 
6 | 6 6 2.7| 3.6| 4.5 5.4] 6.3 lees 9.0} 10.8] 12.6] 14.4 
6 | 6 8 3.6| 4.8; 6.0 Vr} oP 9.6| 12.0] 14.4] 16.8] 19.2 
oy & 10 4.5) 6.0] 7.5 9.0! 10.5] 12.0] 15.0} 18.0] 21.0] 24.0 
8 8 8 4.8| 6.4| 8.0 9.6) 11.2] 12.8] 16.0] 19.2] 22.4] 25.6 
8 8 10 6.0! 8.0/10.0] 12.0] 14.0] 16.0] 20.0] 24.0] 28.0 32.0 
8 8 12 7.2| 9.6|12.0| 14.4} 16.8] 19.2] 24.0) 28.8] 33.6] 38.4 
10 10 10 7.5 110.01 12.5] 15.0] 17.5} 20.0) 25.0] 30.0) 35.0 40.0 
10 10 12 9.0| 12.0! 15.0] 18.0] 21.0) 24.0] 30.0] 36.0) 42.0 48.0 
10 10 14 |10.5|14.0|17.5 | 21.0} 24.5] 28.0) 35.0) 42.0 49.0} 56.0 
12 12 12 10.8 | 14.4]18.0] 21.6] 25.2) 28.8] 36.0) 43.2 50.4| 57.6 
12 12 14 |12.6|16.8| 21.0] 25.2} 29.4) 33.6) 42.0) 50.4 58.8| 67.2 
12 12 16 14.4} 19.2 | 24.0} 28.8] 33.6] 38.4] 48.0) 57.6 67.2| 76.8 
14 14 ee ihe 19.6 |24.5| 29.4| 34.3] 39.2] 49.0] 58.8] 68.6 78.4 
14 14 16 | 16.8 | 22.4] 28.0] 33.6] 39.2) 44.8] 56.0] 67.2 78.4 89.6 
14 14 18 | 18.9] 25.2 | 31.5'| 37.8} 44.1] 50.4) 63.0 75.6| 88.2} 100.8 
14 14 20 | 21.0} 28.0 | 35.0} 42.0] 49.0] 56.0) 70.0 84.0] 98.0] 112.0 
16 16 16 | 19.2 | 25.6 | 32.0 38.4| 44.8| 51.2| 64.0] 76.8] 89.6 102.4 
16 16 18 | 21.6|28.8|36.0| 43.2) 50.4| 57.6) 72.0 86.4|100.8] 115.2 
16 16 20 | 24.0132.0] 40.0! 48.0] 56.0} 64.0} 80.0 96.0|112.0| 128.0 
16 16 22 | 26.4 | 35.2) 44.0] 52.8] 61.6) 70.4 88.0] 105.6/123.2| 140.8 
18 18 18 | 24.3132.4| 40.5} 48.6] 56.7|/ 64.8} 81.0 97.2|113.4| 129.6 
18 18 20 | 27.0|36.0| 45.0] 54.0] 63.0] 72.0 90.0|108.0]126.0| 144.0 
18 18 22, | 29.7) 39.6 149.5 | 59.4} 69.3 79.2| 99.0|/118.8]138.6] 158.4 
18 18 | 24 | 32.4] 43.2 54.0 | 64.8] 75.6] 86.4/108.0) 129.6 151.2) 172.8 
| 
20 20 20 | 30.0] 40.0 | 50.0] 60.0} 70.0} 80.0/100.0 120.0|140.0] 160.0 
20 20 22 | 33.0] 44.0]55.0| 66.0] 77.0 88.0] 110.0] 132.0/154.0| 176.0 
20 20 24 |36.0|48.0|60.0| 72.0] 84.0 96.0) 120.0] 144.0/168.0| 192.0 
20 20 26 | 39.0! 52.0| 65.0] 78.0) 91.0/104.0)130.0 156.0|182.0| 208.0 
2. 22 22 | 36.3|48.4|60.5| 72.6] 84.7| 96.8 121.0|145.2/169.4| 193.6 
22 22 24 | 39.6 | 52.8 66.0 | 79.2) 92.4/105.6]132.0)158.4 184.8] 211. 2 
2 22 26 | 42.9) 57.2|71.5{ 85.8)100.1) 114.4 143.0] 171.6/ 200.2) 228.8 
22 22 98 | 46.2] 61.61 77.0| 92.4)107.8)123.2 154.0|184.8| 215.6) 246.4 
| 
24 24 94 | 43.2 |57.6| 72.0} 86.4/100.8)115.2 144.0)172.8]201.6| 230.4 
24 24 296 | 46.8! 62.4 | 78.0} 93.6/109.2|124.8 156.0] 187.2|218.4| 249.6 
24 24 28 | 50.4 67.2 | 84.0 |100.8] 117.6) 134.4) 168.0 201.6|235.2| 268.8 
24 24 30 | 54.0] 72.0 | 90.0 }108.0]126.0 144.0|180.0|216.0|252.0 288.0 
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CARNEGIE STEEL COMPANY 


DETAILS FOR PUNCHING AND RIVETING 
AMERICAN BRIDGE COMPANY STANDARD 


CONVENTIONAL SIGNS FOR RIVETING 


fr 5 5 liz - = 
Shop Rivets Field Rivets Shop Rivets 
Countersunk but Flattened Flattened 
Countersunk CORREA not chipped ,, ito yy’ high to 3@ high 
and chipped and chipped Max. height, 4 Ye and 54’ Rivets84”" 7", sald Rivets 
i g ‘i 
Za Py 2 p a 2 n ° n ° 2 
ote Mier eco ee |ieyiiece,s Week hore ee ee ee pte 
ca Se aaa ines oh en Sp TE hs Oh ee 5) 2 es ee 
ial 4 Q a 5 B DB eg a a ‘S 4 nD = 4 na = 
tr OE eral) ec Bitecan | ieca | Me lieth ei ES cy) i ee 
me ee eae ell ee TS & ©14 & mle & fe | 
| 
7 1 W g y Se 
HE O 3E--@--38 0-36 -@ Pay] ie \O-¢ LOE EOF 
rare serie 
——>—- 


Y T T 


GAGES FOR ANGLES, INCHES 
(tees 4 S107 | 6|5| 4 [314] 3 l236 2 (134|134]134|134| 1 | 34 
ae | gi [434] 4 [a4 3 [asel @ |a9c|azelaye| 1 | 241 24) 941 54] 34 
ral < @ loz le | | 
bo ( g2 3 214)/2}4) 2 | | | | 
ore g3 | 3 E 214 134) 
Cee ee - Saale al é Belts latte pal 
Max. rivet |1}4| 1 | 36 | 24 | 74 | 26 | % | 94 | 96 | 34| 94] 94 | 96 | 94] 34 
For column details, 6’’ leg (14 a thick or less) against column shaft, g? = 134/", 8 = 3/’, 


ee Cae angles, etc., gage in middle, where riveted leg equals or exceeds 3’’ for 34’" rivets, 
za sis Epecial gages to adapt work to multiple punch, or to secure desirable details. 


CLEARANCE FOR RIVETS IN STANDARD 
WEB RIVETING CRIMPED ANGLES RIVET DIES 


Distance x should be 114’’ plus thickness 
of chord angles, but never less than 2’’. 


CLEARANCE FOR COVER PLATE RIVETING 
Dimensions in Inches 


| 
244|_3 _|244| 4 |4%| 5 1516) 6 


144] 2 
294 | 254 | 274) 276 | 3 3Y | 34) 314 | 3M | 3346 


1 |1%| 2 [2% 
2%| 2 |1%| 0 | 
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STRUCTURAL DETAILS 


RIVET SPACING 


AMERICAN BRIDGE COMPANY STANDARD 


MINIMUM STAGGER FOR RIVETS 


x 


Dia. Minimum stagger, d, inches 
of 
Rivet, ce, Inches 
Taches 744 (1949) 114 [1546] 136 | 1i%s | 134 [146] 154/126] 134 [11940] 176 [4626 2416 2746 
; | 7 
54 | 28] Z| £8) 18) 14) vs iO | 
34 |114|13;|1%4|1rs| 18) 7%) 34) Be] %)|0 | 
% \114| 115 | 186 | 15 |124) Lr} 1746) 1 18] 43 | %| we |0 
1 132] 134) 174 | 1546] 1% | 144) 15} 136) Lys) Ls | 176] 1 %| 34 |0 
114 |2a,)2 |145 1145] 176) 138] 134/124 119¢| 1's 11% 134 | 1y5) 14 | 4 16/0 
DISTANCE CENTER TO CENTER OF STAGGERED RIVETS 
Values of x for varying values of a and b 
iy a, Inches | 
In. fag | 1 [13g {134 | 134| 14] 156 | 194| 126] 2 | 226 | 224) 226/276 
134 | Ly | 124) 1% | 148) 134) 1%) 2 | 2xe ants | 21% 236 | 2141256 |234 
114) 1,95 | 156] 143 | 134| 126] 128 | re | 226] 214 23% | 2r's | Qi%s J2t8 |218 
13¢| 154] 144) 134] 136) 138) 2 | 274 | 2s) 2x Qy%q | 2441 25% |234 [276 
114 |134| 133 134|148| 2 | 234| 2% Los | 296 | 224] 254 | 248 At8 2is 
154/1%|1%| 2 Qas | 214 | 2x 1 2s's | 236 | 214 | 2s'u 244 | 234 |214 |3 
|134) lis Q | Qxte | 2HE | sh | Qa | 236 | Bro | 2155} 26 234 | 276 |216 [31's 
134 | 2x [234 | 2% | 234 | 2x | 234] 234 | 21% | 254 | 294 | 288) 218 8 B76 | 
2 | ys 234 Qi%s | 234) 2r's | 244] APs] 254/294) 212) 218/336 [ors 
214 | 2:5, | 21s | 234| 27% 214| 254| 243 | 234 | 213) 218|3 | 3s Bro 3! 
214 | 215 | Qe | 216 2.% | 254 | 244 | 234) 274) 218/38 | 3r's | Si’ 314 1334 
234 | 234| 2% | 254| 238| 284 | 212/276) 248|3 | 376) 8x8 | 874 926 Bre 
214 | 254| 244 | 234) 248 | 274 | 2t8 3 | 3x4 1324 / 32% | 314 | 336 1317s 13% | 
Values below and to right of upper zigzag line are large enough for 34’’ rivets. 


Values below and to right of lower zigzag line are large enough for 7’’ rivets. 


Dia. of Rivet, Inches| 14— 


MINIMUM RIVET SPACING 


3114 | 96194) %| 1 [LK] fe 


x, Minimum, Inches. 1 114) 134) 2 |2i4 254 


3 |33% 
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CARNEGIE STEEL COMPANY 


REDUCTION OF AREA FOR RIVET HOLES 
Area in Square Inches=Diameter of Hole by Thickness of Metal 


Thickness Diameter of Hole in Inches 
of Metal, 
Inches WY Ye | %e | 5 | Me} % | 1%46] % | 1%46 it I%e | 1% 
rs EOSs |) 09} | Solaie | ashe oO 4 SLSN hG: |) ek) 298) Os 21 
Wy 206) | 22S") 4) 316 Bald 219:|. 220)" 322)) .235|) 225:|| 28 -28 
ts .08 |} .146 | .18 | .20 21 20 |) «2D || o2e| 29) <o0 <oa oo 
3% O09) || 9) | s22 | <23 26| 28) .30)| 3a .35)) 238) 240 42 
; ve Se eee  eeed eo 0h =.33)| 286) 238 ee eA .49 
% slo 2o | aon) <b 34] .388| .41] .44| .47|] .50| .53 56 
i Ad |, 28 | .82 | 235 .39| .42| .46] .49| .53| .56) .60 63 
5% BEG) | ok Pao 30) 43)" 47) .62) .55:|| 359) (637) 66a ace 
4 Le Vat 39 43 47 )—.52 || .56:| 56Q)| .64) 694) 373 Pach 
84 eLOU oS") 420 || Ae -52) .56] .61 .66:| .70| .75| .80 84 
3 .20 | .41 | .46 1] .51 2G), SOs? 660) ava “S0Giemsa 86 eo! 
KB a22) || s44 | <49 || 55 -60 Pi 2) ime al? AALS 82 88 93 98 
33 BAS cate || oo |) oO -64| .70|) .76| .82] .88| .94] 1.00] 1.05 
a A2Om oO We bGe| Gs -69| .@5) <81) .88| .94) 1001) 1:06) 1-13 
ly .27 | .53 | .60 | .66 | .73| .80! .86| .93)| 1.00] 1.06] 1.13) 1:20 
1% 2a oO Yost tO: |Oed eqs) 9 Lil) *-OSiMeOs:| aisha Ou mee 
1 480°} 259)! 26% (74). 82), 2890), .96 1:04 FY Ta) eo 6 eas: 
1% -3l |} .63 | .70 | .78 | .86| .94/ 1.02] 1.09) 1.17 | 1.25) 1.33 | 1.41 
Lis 33 66 | .74]) .82 90 -98 | 1.07 | 1.15 | 1.23) 1.31 | 1.39) 1.48 
13% 34 69) ah 7a 028: We 29 eA OS: (ese geo Gy 1.29) 1.38 1446) 1.55 
1a sO ior |, Ok. | 90) -99)| 1.08.) 1.17) | 1.267) 1.357] 1-447) 153)) 162 
14% “38 70 | .84 | .94 11.03.) .13)) 1.29) 1:31 | 1.47 | 1.50) 159869 


STAGGER OF RIVETS: TO MAINTAIN NET SECTION 


AMBRICAN BRIDGH COMPANY STANDARD 


1 Hole Out : 2 Holes Out Dimensions in Inches 

a Tel! a4! Tg’! 
| a |Rivet| Rivet} a1 | Rivet| Rivet 

b b b b 
tus] PE] |B! 8 |B 
72 Ye | 2 | 3144 | 38k 
-—. bi ms 2 | 2a: | 232 | 6° | 38% | 362 
y—diameter of rivet + 234 | 214 | 225 | 644 | 314 | 334 
3 | 2re | 2547 | 354 | 374 

ay= a2+ b2-2y al—2y—= /a2+b2-3y 3 2g 24% | 7144 | 334 | 4 
eee aye eee te bea, | ore ee 

ee ie ; 4 Hf 3 1 
b=2ayty2 b= ~2ayty? 2 te | Bre | 874 | 4 44 


a—sum of gauges minus thickness of angle. 
| rivets, can be taken at 14’’ less than for 34’ rivets. 
1” rivets, can be taken at 1,”’ more than for 1%" rivets. 
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RIVETS AND PINS 


STRESSES IN RIVETS AND PINS 


Rivets. In transmitting stresses between riveted pieces, it is 
customary to disregard friction and to proportion rivets to the entire 
stress to be transmitted. They must be of sufficient size and number 
to resist shear and to afford such bearing area as not to cause distor- 
tion of the metal at the rivet holes. In the case of beams which frame 
opposite and of single web girders, this latter condition often necessi- 
tates a greater thickness of web than required by the shearing stresses. 
In a plate girder with 46” web, 34” rivets connecting the web with 
the flange angles would have a bearing value at 24,000 pounds unit 
stress of 5,630 pounds per rivet, while their value in double shear at 
12,000 pounds unit stress is 10,600 pounds per rivet; and it might be 
necessary to increase the web thickness to 3g” or more in order that 
the pressure of the rivets upon the metal be not excessive. 

Pins. Pins must be calculated for shearing, bending and bearing 
stresses, but one-of the latter two will in most cases determine the 
size. When groups of bars are connected to the same pin, as in the 
lower chord of truss bridges, the size of the bars must be so chosen 
and the bars so placed that at no point on the pin will there be any 
excessive bending stress. When the size of pin has been determined 
from the bending stress, the thickness of the bars or web of the post 
should be investigated to provide sufficient bearing area, the bars 
being thickened or pin plates added if necessary. 


The following is the formula for flexure applied to pins: 
M= fa d3 + 32 or =f Ad + 8, in which M—moment of forces 
for any section through pin, f=fiber stress per square inch in 
bending, A=the area of section, d=diameter, 7 Sasi), Abas) 
forces are assumed to act in a plane passing through the axis of the 


pin. 


Exampuie 1.—A pin, see figure, has to carry a load of 
64,000 pounds; required the size at 24,000 pounds fiber 
stress, assuming the distance between points of support 
to be 5 inches. 

Bending moment=—64,000 x 5 + 480,000 inch pounds; 
use a 314 inch pin; allowed moment: 80,900 inch pounds. 


Exampue 2.—Required the thickness of metal in the 
top chord of a bridge to give sufficient bearing area to a 
334-inch pin, having to transmit a stress of 121,400 pounds 
at an allowed bearing pressure of 24,000 pounds per square 
inch, 

The bearing value of a 334-inch pin for 1 inch thickness 
of metal is 81,000 pounds; therefore, the thickness of metal 
required=121,400 + 81,000=1 1% inch, or each web of the 
chord must be 3 inch thick, including pin plates. 
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CARNEGIE STEEL COMPANY 


RIVETS 


SHEARING AND BEARING VALUES 


Values in Pounds, all Dimensions in Inches 


3g-INCH RIVETS 


Area .1104 Square Inch 


__ | Unit, Lbs. per Sq.In.| 7000 | 8000 | 9000 | 10000 | 11000 | 12000 
é Single Shear per Rivet 770 880 990 1100 1210 1320 
wm a 
Double Shear per Rivet| 1540 | 1760 1980 2200 2420 2640 
| Unit, Lbs. per Sq.In.| 14000 | 16000 | 18000 | 20000 | 22000 | 24000 
lee : 
ae: ¥ 660 750 840 940 | 1030 | 1130 
2/4 a 980 | 1130 1270 | 1410 1550 1690 
3 yy 1310 | 1500 | 1690 | 1880 | 2060 | 2250 
5 ts 1640 | 1880 |] 2110 | 2340 | 2580 | 2810 
FS % 1910 2250 2530 2810 3090 3380 
1 } 
Y-INCH RIVETS—Area .1963 Square Inch 
__ | Unit, Lbs. per Sq.In.| 7000 | 8000 | 9000 | 10000 | 11000 | 12000 
“ | 
F Single Shear per Rivet 1370 1570 1770 1960 2160 2360 
DoubleShearper Rivet 2750 | 3140 | 3530 | 3930 | 4320 | 4710 
Unit, Lbs. per Sq.In.| 14000 | 16000 | 18000 | 20000 | 22000 | 24000 
mR 
5 
Bie 
a | .a 
Oo 
a 1B 
o 
ae 
Oo 
= 
BR 
5e-INCH RIVETS—Area .3068 Square Inch 
., | Unit, Lbs. per Sa.In.] 7000 | 8000 ~ 9000 | 10000 | 11000 | 12000 
a Single Shear per Rivet 2150 2450 2760 3070 3370 3680 
Double Shear per Rivet) 4300 4910 5520 6140 6750 7360 
Unit, Lbs. per Sq. In.| 14000 | 16000 | 18000 | 20000 | 22000 | 24000 
* ae 1640 | 1880 | 2110 | 2340 | 2580 | 2810 
= “4 
2 14 
ie | q 
o a 
SNe 
ae 
Oo 
e 
B 


Values below dotted lines are greater than double shear. 
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RIVETS AND PINS 


Rovers 


Values below lower dotted 


lines are greater than double shear. 
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RIVETS 
SHEARING AND BEARING VALUES 
Values in Pounds, Dimensions in Inches 
34-INCH RIVETS—Area .4418 Square Inch 
., | Unit, Lbs. per Sq.In | 7000 8000 9000 | 10000. | 11000 | 12000 
2 | Single Shear per Rivet} 3090 3530 3980 4420 4860 5300 
| Double Shear per Rivet] 6190 | 7070 7950 | 8840 “| 9720 | 10600 
Unit, Lbs. per 8q.In. | 14000 | 16000 | 18000 “| 20000 | 22000 | 24000 
g|. 2630 3000 3380 3750 4130 | 4500 
eae ash 3280 3750 | 4220 | 4690 5160 5630 
| 3% 3940 4500 5060 5630 6190 6750 
a) 8 oe 4590 5250 5910 6560 722 7880 
g % 5250 6000 6750 | 7500 8250 9000 
| | ae ae 5910 6750 7590 8440 9280 | 10130 
ay y% 6560 7500 8440 9380 | 10310 | 11250 
7k-INCH RIVETS—Area .6013 Square Inch 
1, | Unit, Lbs. per Sq.In.| _ 7000 8000 9000 | 10000 | 11000 | 12000 
2 Single Shear per Rivet| 4210 4810 5410 6010 6610 7220 | 
Double Shear per Rivet} 8420 9620 | 10820 | 12030 | 13230 | 14430 _ | 
Unit, Lbs. per Sa.In.| 14000 | 16000 | 18000 | 20000 22000 | 24000 
Fa V4 3060 3500 3940 4380 | 4810 5250 | 
= ts 3830 | 4380 4920 5470 602 6560 
sales a 4590 | 5250 | 5910; 6560 | 7220 | 7880 
Sas oe 5360 6130 6890 7660 | 8420 9190 
m| § ¥ 6130 7000 7830 | 8750 | 9630 | 10500 
Be ay 6890 7880 | 8860 9840 | 10830 | 11810 
2 54 7660 8750 9840 | 10940 | 12030 | 13130 
: qth | 8420 9630 | 10830 | 12030 | 13230 | 14430 
1-INCH RIVETS—Area .7854 Square Inch 
~ | Unit, Lbs. per Sq. In. | 7000 | 8000. 9000 | 10000 | 11000 | 12000 
&. Single Shear per Rivet| 5500 | 6280 7070 7850 8640 9420 _ 
bs Double Shear per Rivet] 11000 12570 141 40 15710 17280 18850 
~|"Gnit, Lbs. per Sa.In. | 14000 | 16000 18000 | 20000 | 22000 | 24000 __ 
VA 3500 4000 6000 
2 ae 4380 5000 7500 
a 8% 5250 6000 9000 
Sh eeem pees ne eensensd eae eapa eco | oo ate ci elec reo leila alee cetal ae eye | Meera) 
lie cs 6130 | 7000 10500 
s | -5 % 7000 8000 12000 
P aaies ts 7880 9000 13500 
g 54 8750 | 10000 15000 
| H 9630 | 11000 16500 
iz 34 10500 | 12000 18000 _ 
3 11380 | 13000 19500 
Values above upper dotted lines are less than single shear. 
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Bearing Value—Diameter of Pin x Bearing Stress per Square Inch 


63.617 108000 135000 | 180000 198000 216000 


Pin | Besice — in Pounds per Square Inch . 
“ | | 
Diameter, Area, 12000 15000 20000 22000 24000 
Inches Sq. In. | 
1 785 12000 15000 | 20000 | 22000 24000 
1Y% 1.227 | 15000 | 1ssoo | 25000 27500 30000 
1% 1.767 | 18000 22500 | 30000 33000 36000 
134 2.405 21000 26300 35000 38500 42000 
2 3.142 | 24000 | 30000 | 40000 | 44000 48000 
214 3.976 27000 33800 45000 49500 54000 
214 4.909 30000 37500 50000 55000 60000 
234 5.940 | 33000 | 41300 55000 60500 66000 
3 7.069 36000 | 45000 60000 66000 72000 
3% 8.296 39000 | 48800 65000 71500 78000 
31% 9.621 42000 | 52500 70000 77000 84000 
3% 11.045 | 45000 56300 | 75000 82500 90000 
| } 
4 12.566 48000 60000 80000 88000 96000. 
Ay 14.186 51000 63800 85000 93500 | 102000 
ais 15.904 54000 67500 90000 99000 | 108000 
434 17.721 57000 71300 95000 | 104500 | 114000 
5 19.635 60000 75000 | 100000 | 110000 | 120000 
5% 21.648 63000 78800 | 105000 | 115500 | 126000 
5s 23.758 66000 $2500 | 110000 | 121000 | 132000 
534 25.967 | 69000 | 86300 | 115000 | 126500 | 138000 
6 28.274 72000 90000 | 120000 | 132000 | 144000 
6M 30.680 75000 | 93800 | 125000 | 137500 | 150000 
61% 33.183 78000 97500 | 130000 | 143000 | 156000 
634 35.785 81000 | 101300 | 135000 | 148500 | 162000 
| 
7 38.485 84000 | 105000 | 140000 | 154000 | 168000 
TM 41,282 87000 | 108800 | 145000 | 159500 | 174000 
71 44.179 | 90000 | 112500 | 150000 | 165000 | 180000 
734 Aras 93000 | 116300 | 155000 | 170500 | 186000 
8 50.265 96000 | 120000 | 160000 | 176000 | 192000 
8% 53.456 99000 | 123800 | 165000 | 181500 | 198000 
814 56.745 102000 | 127500 | 170000 | 187000 | 204000 
8% 60.132 105000 | 131300 | 175000 | 192500 | 210000 
fe) 
9 
9 
9 
0 
0 
0 


ly 67.201 111000 138800 185000 203500 222000 

4 70.882 114000 142500 190000 209000 228000 

34 74.662 117000 | 146300 195090 214590 234000 
1 78.540 120000 150000 200000 220000 240000 
1014 82.516 123000 1533800 205000 225500 246000 
10% 86.590 126000 157500 210000 231000 252000 
10% 90.763 129000 161300 215000 236500 258000 
wal 95.033 132000 165000 220000 242000 264000 
11% 99.402 135000 168800 225000 247500 270000 
11% 103.869 138000 172500 230000 253000 276000 
on 34 Ee 141000 176300 235000 258500 282000 
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Maximum Fiber Stress, 16000 Pounds per Square Inch 
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TENSION VALUES 


ANGLES 


ALLOWABLE TENSION VALUES IN THOUSANDS OF POUNDS 
Maximum Fiber Stress, 16000 Pounds per Square Inch 


Net Areas and Stresses—One Hole Deducted 
Sie, ae ee é Ate, a 7%-Inch Rivets 34-Inch Rivets 54-Inch Rivets 
Inches | Pounds ie ‘K Rees ; 
° Tach 2 2| Stress ie >| Stress | paches2| “tress 
a 
ioe 16 % Sori 9.73 8.85 | 141.6 | 8.96 | 143.4 
Geax 16 13 31.0 9.09 8.28 132.5 8.38 134.1 
Gx 16 34 28.7 8.44 7.69 123.0 | 7.78 124.5 
626 Par 26.5 Cbs) 7.09 113.4 7.18 114.9 
Osx eG: 54 24.2 esbil 6.48 LOSE? 6.56 105.0 6.64 106.2 
6x 6 ts 21.9 6.43 5.87 93.9 5.94 95.0 6.01 96.2 
6x 6 4% 19.6 AS 5.25 84.0 | 5.31 Sor) vara. 85.9 
6x 6 tg 17.2 5.06 4.62 73.9 | 4.68 74.9 | 4.73 Out 
6x 6 3g 14.9 4.36 3.98 63.7 | 4.03 64.5 | 4.08 65.3 
6x 4 % Die2 7.98 elOmy| ol stOnl eae ello se: 
6x 4 13 25.4 7.47 6.66 | 106.6 | 6.76 | 108.2 
6x 4 34 23.6 6.94 6.19 99.0 6.28 100.5 
6x 4 34 21.8 6.40 5.71 91.4 5.80 92.8 
6x 4 56 20.0 5.86 5.23 S3e7 | 5:81 85.0 | 5.39 86.2 
6x 4 eo, 18.1 Jsyepa3il 4.75 76.0 | 4.82 HAN | PSS See, 
16x 4 % 16.2 4.75 4.25 68.0 | 4.31 69.0 | 4.37 69.9 
lex 4 oe tee, Ware, away |) 208) 3,80 | 10:8) 3,45 1 Glo 
6x 4 34 12.3 3.61 3.23. ‘si lst/ 3.28 52.5 3.33 §3.3 
xe 5% 16.8 4.92 4.29 68.6 | 4.37 69.9 | 4.45 1s 
5x3% Pin 15.2 4.47 3.91 62.6 | 3.98 63.7 4.05 64.8 
5x3% 6 13.6 4.00 3.50 56.0 | 3.56 5720") 3,62, 57.9) 
5x3% vs 12.0 3.53 3.09 49.4 | 3.15 50.4 | 3.20 51.2 
5x3% 34 10.4 3.05 2.67 42.7 2.72 43.5 | 2.77 44.3 
5x3% ts 8.7 2.56 2:25 36:0) | 2°29 Skah || A333 Bled 
bx 3 5% ibs.7/ 4.61 3.98 63.7 | 4.06 65.0 | 4.14 66.2 
‘xe GS Ps 14.3 4.18 3.62 57.9 | 3.69 59.0 | 3.76 60.2 
Dix eS % 12.8 3.75 3.25 52.0 | 3.31 B38) |] Bineyes 53.9 
BO 3} Vs 113 3.31 2.87 45.9 | 2.93 46.9 | 2.98 47.7 
Bes 8 3% 9.8 2.86 2.48 39.7 | 2.53 40,5 | 2.58 41.3 
yas 8! 16 8.2 2.40 2.09 33.4 2.13 34.1 2.17 34.7 
4x 4 54 15s? 4.61 3.98 63.7 | 4.06 65.0 | 4.14 66.2 
4x 4 ts 14.3 4.18 3.62 5L.9 || 3.69 59.0 | 3.76 60.2 
4x 4 % 12.8 3.75 3.25 52.0) | 3:31 fgik0) ll sicher 53.9 
4x 4 a US 3i8l 2.30 45.9 | 2.93 46.9 | 2.98 47.7 
4x 4 3% 9.8 2.86 2.48 39.7 | 2.53 40.5 | 2:58 41.3 
Ae ts 8.2 2.40 2.09 33.4 | 2.13 Bylot | eh 1% 34.7 
4x 4 ly 6.6 1.94 1.69 AO) |) ALS) redy |) aLaresy 28.0 
In ee 
Boe B | aA ieileth 3.25 es; 44.0 | 2.81 45.0 | 2.87 45.9 
4x 3 us 9.8 2.87 2.43 38.9 | 2.49 39.8 | 2.54 40.6 
|4x 3 3% Sep. 2.48 2.10 BSG |) 454s) 34.4 | 2.20 35.2 
4x 3 Ve 7:2 2.09 1.78 28.5 | 1.82 29.1 | 1.86 29.8 
4x 3 M% 58 | 1.69 | 144 23.0 | 1.47 23.5 | 1.50 24.0 
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ALLOWABLE TENSION VALUES IN THOUSANDS OF POUNDS 


Maximum Fiber Stress, 16000 Pounds per Square Inch 
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GRILLAGE FOUNDATIONS 


Grillage Beams. In the design of foundations for columns, piers 
and walls, provision must be made for the uniform distribution of 
the load over the footing. This is best done by the use of a grillage 
of steel beams and concrete. This method of construction elimin- 
ates deep excavations and large masses of masonry and is, therefore, 
truly economical. For heavy loads on soils of small bearing 
capacity, three tiers of beams may be necessary; while for lighter 
loads or better soils two tiers, or even one, may suffice. 

The lower tier should rest upon a solid bed of concrete of sufficient 
thickness to distribute the load to the soil. Good practice requires 
the spaces between the beams in all the tiers to be filled with, and 
the beams enclosed in, concrete not less than four inches thick. 

The clear distance between the flanges of the beams in each tier 
should not be less than 214 inches, nor more than three times the 
flange width. The first requirement is necessary to permit the 
introduction and proper tamping of the concrete, the second, to 
insure uniform distribution of the load. When separators are used 
to hold the beams in position, they should be of gas pipe, as cast iron 
separators tend to break the continuity of the concrete. Grillage 
beams should not be painted, as concrete does not adhere well to 
painted surfaces but is itself an excellent preservative of steel. 

To determine the area in square feet required for the foundation, 
divide the total load on the column, pier or wall by the allowable 
pressure per square foot on the soil. This gives the area of the 
footing, the shape of which is determined by local conditions. On 
the assumption that the loads on the soil are uniformly distributed, 
the number, size and weight of the beams required are determined 
from the maximum bending moment, the maximum shear, or the 
maximum web resistance to buckling, as follows:—Let 
W=Total load on the foundation, in pounds. 


ee ae. eo L Length of beam, in feet. 

H TLL E i a ==Length of loaded portion, in feet. 
d =—Depth of beam, in inches. 

! anime t =Thickness of beam web, in inches. 

babes FS | a ==Number of beams in a tier. 


fh=Allowable unit web buckling resistance. 
The maximum bending moment occurs at the center of the beam 
and is equal in foot pounds to W (I-a) +8; this formula is 
identical with the formula of maximum bending moment for a 
beam of length (L~a) under a uniformly distributed load, w. 
The proper size of beam in any tier as regards flexure at a fiber 
stress of 16,000 pounds per square inch may be found in the beam 
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GRILLAGE FOUNDATIONS 


safe load table for the length corresponding to (L—a), by dividing 
the total load by the number of beams. 

Or may be found from the table of maximum bending moments, 
by dividing the total bending moment by the number of beams; 

Or from the table of properties, by dividing by the number of 
beams in the tier the total section modulus required, which 
3 W (L—a) 

32,000 

Note, however, that the load on the beam for any span must not 
exceed the maximum tabular safe load for shear. 

The maximum vertical shear occurs at the edge of the column 
base or at adistance in feet of ae from each end of the beam and | 
is equal to AL x Lae 


is equal to - 


xT 5oe eae i E kee Ww .tL-—a . 1 
Web thickness, t, to resist average shear=7- * —9— * Tydx 10,000 


We Lea © ; 
Or, the average vertical shear=- * —g— * axaat , which must not 


a 


exceed 10,000 pounds per square inch. 
The maximum buckling stress occurs on a length in inches of 


12a-+ d/2 and is equal in total per lineal inch of web to Sie 


The required thickness of web, t, to resist buckling= 

Or the average web resistance per square inch to buckling 
the allowable buckling resistance on beam webs. 

Rolled Steel Slabs. To distribute the loads from columns over 
girders, grillage beams, etc., solid slabs of rolled steel may be 
advantageously used in the place of cast iron or riveted steel bases, 
ete. The size of the slab is usually fixed by the dimensions of the 
column and its thickness is determined from the maximum bending 
moment, on the assumption of uniform loading, as follows: — Let 
' W=Total load, in pounds. 

A =Width of slab, in inches. 


which must not exceed the tabular values for 


1 
i 
4 
3 


A ee 


b B =Length of slab, in inches. 
ask a t =Thickness of slab, in inches. 
a 1----¥ 4 =-Outside dimension of column, in inches. 
eet b = Outside dimension of column, in inches. 


The maximum bending moment will occur at the center of the 
WwW (A—a) W (B—b) 
a ee 


slab and equals, in inch pounds, ,and ata 


fiber stress of 16,000 pounds per square inch, the required thickness 


of slab, t, = \j2 WG pee Qos =D) 


64,000 B 64,000 A 
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[ _____|, Steel Slab 36’x 36x 534" 
-| 4-24’ 90 Ib. Beams 10-6” long 
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13-15" 60 Ib. Beams 13-6” long 


SES 


Exampue: Required to design a grillage foundation for a column load of 


1,040,000 pounds on soil with an allowable bearing capacity of 6,000 pounds 
per square foot. Column composed of 1 web plate, 14” x 5%’, 4 flange angles, 
6’ x 4’’ x 54’ and 4 flange plates, 14’ x 7’, outside dimensions 14” x 18’. 

Required area of footing—1,040,000 + 6,000—173.33 square feet. 

Use area 12’ 0” x 15’ 0’’180 square feet. 

Assume 3’ 0’’ square as the dimensions of the rolled steel slab or column 
base and allow 9” for concrete on the sides and ends of beams, then the dimen- 
sions of the steel grillage will be 10’ 6’” x 13’ 6’’, concrete being assumed of 

~sufficient thickness and strength to distribute to the edges. 


; 
' 
I 
\ 
J 


Rolled Steel Slab 


Thickness required, t= SO 5.16 in, 


w= -0----- 
for) 


Use 514”, 
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Beams—Section Mcdulus Method. 


Bottom tier-—L—13.5 feet; a= 3.0 feet. 


Required total section modulus, §,—3 = 1,040,000 x 10.5 __ 1,023.75 in.8 


32,000 
Use 13—15” 60 lb. beams—Total section modulus—1,055.6 in.3 
__ 1,040,000 _ 10.5 i Le 3 
Average shear—= 135 Ss © oes = ho, 3,515 lbs. per sq. in. 


a 1,040,000 P P 
Average buckling stress—73 > 43.5 = .59 ==3,120 Ibs; perisaq:. im. 


Top tier—L—10.5 feet; a==3.0 feet. 
3 x 1,040,000 x 7.5 


Required total section modulus, 5. 32,000 ==731.25 in.® 
Use 424’ 90 lb. beams—Total section modulus=746.0 in. 

15040,000) 50 ad - ; 
Average shear—= 10.5 2 a ar BEY roa) ge 6,140 lbs. per sq. in. 


Average buckling stress—= eS ==8,600 lbs. per sq. in. 

Plate Girder Griliage Foundations. In those cases where columns carry 
very heavy loads, plate girders are used for the top tier of the 
grillage rather than beams. Jn the case of symmetricalfoundations, 
the method of computation is the same as has already been illus- 
trated in the case of beams. The following example indicates the 
procedure in the quite frequent case of unsymmetrical loading 
conditions: 


840,000 pounds 1,260,000 pounds 
peo 20-0"---------------------» 
<-84 
FA | Wyprppete” 
7 cae e a i 
2 oS Guides BMH Li aS 
a th 
ai" | 
bo---.640%-—--s ye——---6" == =-—4 
: Wall Column 14” F416” Interior Column 
Make up of 1 Plate Girder c- et» Steel Slab 


4 Flange Angles 6x 4x 9% 

2 Flange Plates 14 x ¥% 

1 Web Plate 36 x 14 

2 Web Reinf. Plates 54 thick, 
each end between Flange 
Angles 

2 Web Reinf. Plates 34 thick, 
each end over Flange Angles 

Stiffener Angles 5x 314x14 

Tie Angles 5x3144x4 


=4-10" ee 


--49h 
oe ot Le Tipps seater oe | 


mae, Poms 


1855 Ib. Beams 12-6" long 
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Exampiy:—Required to design a grillage foundation under an exterior or 
wall column carrying a load of 840,000 pounds, and aninterior column with 
a load of 1,260,000 pounds, on soil with an allowable bearing capacity of 
8,000 pounds per square foot. 


Required footing area of wall column—=—5 10,000 —105 square feet. 
Use area 8’ 0” x 14’ 0/’= 112 square feet. 

, A Z oe OO 000) a = 
Required area of interior column Oa —=157.5 square feet. 


Use area 12’ 0” x 14’ 0/168 square feet. 


With these dimensions and areas, the load on the soil will be uniform at 
7,500 pounds per square foot, and the footings the same width, both of which 
are desirable from the standpoint of uniform settlement. 


Rolled Steel Slabs for Column Footings: Assume a width of 30” and a 
length of 32’, then the required thickness will be as follows:— 


Wall column, t, = VS See = 4.86 in.; use 5” 


A , == \/3 = 1,260,000 x (32 — 16) __ ~ 61 in.: use 534”” 
Interior column, t, Ve 000 5 82 18 5: ; Bae. 
Plate Girders: Maximum bending moment occurs at the inner beams of 
the respective footings, and is equal to the load on the column multiplied by the 
distance of its center from the center of moments. 


M max. from wall column == 840,000 x 2’ 6’’=2,100,000 foot pounds. 
M max, from interior column—1,260,000 x 1’ 8”’—=2,100,000 foot pounds. 


3 ; y 2, A x 12 Be : 
Required section modulus of two girders== OO Ee =1,575.0 in.3 
Select from girder safe load table, page 284, two girders composed each of 

1 web plate 36” x 14”, 4angles 6” x 4" x 54”, and 2 flange plates 14” x 54" ;-— 
Total section modulus, S=2 x 792.3— 1,584.6 in.8 


Maximum shear occurs at the inside edge of the steel slab under the interior 
column, and is equal in total for the two girders to the load carried by the 
portion of the footing between that point and the inside edge of the footing, 


ata ==680,000 or 340,000 pounds per girder. 


At 10,000 pounds per square inch, the 36” x 14” plate girder web is good for 


180,000 pounds; therefore, it is necessary to use reinforcing web plates where 
the shear exceeds that amount. 


Beams, Lower Tier, Interior Column: 
Required total section modulus, 8, = 3 = 1,260,000 x 9.67 = 1,142.3 in.s 


or 


32,000 
Use 13—18” 55 lb. beams — Total section modulus — 1,149.2 in.@ 
1,260,000 9.67 1 ; 
SS SS x —_________ — 
Average shear : 12.5 x 3 ise isede 4,520 lbs. per sq. in. 
1,260,000 


Average buckling stress is 43 4G == 4,900 lbs. per sq. in. 
For exterior column use 9—18” 55 lb. beams. 


Nors.—In order to facilitate manufacture and shipment, it is 
desirable to use for the entire foundation as few sizes and weights 
of beams as possible, and the rolled steel slabs should be of the 
same thickness or at least of as few thicknesses as really convenient. 
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RIVETED BEAM AND PLATE GIRDERS 


Where single rolled beams are insufficient to carry the loads, the 
required capacity may be secured by fabrication in various methods. 

Two beams can be used, connected together by bolts and separa- 
tors. The total strength of these is twice that of the single beam| 
of the same depth and weight. Care should:be taken, however, to 
see that the loads are applied on them equally, and where it is 
necessary for the beams to act as a unit, theseparators should be of 
plates and angles and not of cast iron. If the loading is not uniform 
on the two sectidéns, their strength must be computed separately. 

The use of single beam girders with plates top and bottom to: 
sustain a given load is often more economical in material than the 
use of twe beams connected by bolts and separators. 

Box girders formed of two beams with flange plates riveted thereto 
are often used for supporting interior walls in buildings. They 
are not, however, as economical in material as single beams with 
flange plates or plate girders. Their interior surfaces do not admit 
of repainting and they should, therefore, not be used in exposed | 
places. 

The most economical section to sustain heavy loads is the single 
web plate girder and it is sufficient for all ordinary purposes. When 
not so, two single web plate girders may be used, together with tie 
plates extending clear across the angles, or box girders may be 
made of four flange angles, two web plates and top and bottom 
flange plates. In case there is unequal distribution of the load, 
the two girders or half girders must be figured as separate units. 

In the design of beam or plate girders, care must be taken to see 
that the web is of sufficient thickness to resist buckling stress and, 
therefore, attention is called to the construction specifications and 
to the remarks made on page 216 as to shearing stresses in general. 

The tables which follow give first, a selected line of riveted beam 
girders of approximately twice the carrying capacity of the single 
beams of which the sections are built; second, a selected line of 
riveted plate girders of various depths and carrying capacities such 
ag are customary in building work; third, elements of riveted plate 
girders of various depths from which it is possible to select econom- 
ical sections for almost any ordinary condition of loading. In 
addition to the properties, the first two tables give the safe loads in 
thousands of pounds uniformly distributed. 

In accordance with the construction specifications, these girder 
tables are based upon the section modulus of the gross area of the. 
section, with bending stress allowed at 16,000 pounds per square inch. 
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RIVETED BEAM GIRDERS 


ALLOWABLE UNIFORM LoAD IN THOUSANDS oF PouUNDS 


Maximum Bending Stress, 16000 Pounds per Square Inch 


w-12"-+ eeearan 
= io r i he 
“a | i. 8 = | 
| s * ail & 
oe | 5 
h LASS \ ' Ee oO 
Span See ss Z a 
- 1-Beam 27’’x90 lbs.|1-Beam 24/’x80 Ibs.\1-Beam 24’’x80 Ibs. 1-Beam SU Ibs. E 
Feet | 2-Plates 12’'x34’’ | 2-Plates 12’’x34’” | 2-Plates 10’x54”’ | 2-Plates 10/7x34 F 
2 
Increase Increase | Increase Increase c= 
in Safe in Safe in Safe amen |) 8 
Loads for Loads for hones ee prec ce 
“4g Inch) gag, |44eInch| garg | Mo Inc Safe | 716 tne 
Toads | eres) yugg | tnerease | yoagg | Tverease | gaa | Lncrease 
Thickness Thickness’ Thickness! Thickness; 
of Flange) of Flange of Flange of Flange 
Plates Plates Plates Plates 
13 370 15.9 312 14.2 259 11.7 235 9.7 2.80 
14 343 14.8 289 13.2 240 10.9 218 9.0 3.24 
15 321 13.8 270 L23 224 TOM 204 8.4 3.72 
16 301 1320) 253 11.5 210 9.5 191 7.9 4.24 
we 283 12.2 | 238 10.9 198 9.0 180 7.4 4.78 
18 267 11.5 225 10.3 187 8.4 170 7.0 5.36 
19 253 10.9 213 9.7 LT 8.0 161 6.6 5.98 
20 240 10.4 203 9.2 168 7.6 153 6.3 6.62 
21 229 9.9 193 8.8 160 ToD 146 6.0 7.30 
22 219 9.4 184 8.4 153 6.9 139 5.7 8.01 
23 209 9.0 176 8.0 146 6.6 133 5.5 8.76 
24 200 8.6 169 (is 140 6.3 127 5.3 9.53 
25 192 8.3 162 TA 135 6.1 122 5.0 10.35 
26 185 8.0 156 ok 129 5.9 118 4.8 11.19 
Pai 178 piers 150 6.8 125 5.6 113 4.7 12.07 
28 172 7.4 145 6.6 120 5.4 109 4.5 12.98 
29 166 Wink 140 6.4 116 5.2 105 4.3 13.92 
30 i160 6.9 1385 6.2 112 5.1 102 4.2 14.90 
31 155 Gai 131 6.0 109 4.9 99 4.1 15.91 
Be 150 6.5 127 5.8 105 4.8 96 3.9 16.95 
Bo 146 6.3 123 5.6 102 4.6 93 3.8 18.03 
34 141 6.1 119 5.4 99 4.5 90 Sut 19.13 
oe 137 5.9 116 5.3 96 4.3 87 3.6 20.28 
Arca 44.33 inches2 41.32 inches? 35.82 inches? 38.73 inches? 
S 4-1 450.8 inches® 380.0 inches* 315.5 inches 286.7 inches? 
Weight | 151.2 Ibs. per ft. | 141.2 Ibs. per ft. | 122.5 Ibs. per ft. | 131.0 Ibs. per ft. 


_._ Safe loads above horizontal lines excee 
with stiffeners 


Weights given for girders do not incl 


; for limiting co 


d the web resistance and girders should be provided 


nditions see explanatory notes and Construction Specifications, 


ude stiffeners, rivet heads or other details, 
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RIVETED BEAM GIRDERS—Concluded 


ALLOWABLE UNiFoRM LOAD IN THOUSANDS OF POUNDS 


Maximum Bending Stress, 16000 Pounds per Square Inch 


«---10* ¢----9--- aaeadale 
el f3 a pies 
; ae 
S qi AW <7 SS ss 
| 33 a n 
H \ i 1 a 
1 \ i a= 
| od 3 
peo ine sou ig a 
Span : a) 
Feet 1-Beam 20/’ x 65 1bs.]1-Beam 18’’ x 55 Ibs,1-Beam 15’’ x 60 bs j1-Beam 15”” x 42 Ibs. ue 
9-Plates 10’’ x 54’\2-Plates 9’’x5¢’’ |2-Plates 9/’x5¢’’ |2-Plates 8’’ x 14’’ 3 
Increase Inerease Increase Increase Fe 
in Safe in Safe in Safe in Safe 3 
Loads for| Loads for Loads for| Loads for — 
Safe |Yelnch| gate [446 Inch] gate |Yolnch| gafe | 146 Inch 
Loads a ie Loads | Mmerease | Joadg | Increase) Loads | Increase 
; win in in 
Thickness Thickness 'Thickness| Thickness 
of Flange of Flange of Flange| of Flange 
Plates Plates Plates Plates 
9 279 14.2 218 Tiss 189 9.4 ist 8.5 1.34 
10 25 TN 196 10.3 170 8.5 123 Hele 1.66 
acct 228 11.6 178 9.4 155 Catt 112 6.9 , 2.00 
1 209 10.6 164 8.6 142 Gale 102 6.4 2.38 
13 193 9.8 151 7.9 iffsiik 6.5 95 5.9 2.80 
14 179 9.1 140 7.4 122 6.1 88 LNs Ss 3.24 
: 15 167 8.5 131 6.9 113 as 82 5.1 3.72 
16 157 8.0 123 6.5 106 f53.83 77 4.8 4.24 
17 148 Vex) 115 6.1 100 5.0 72 4.5 4.78 
18 139 Peal 109 On, 95 4.7 68 4.2 5.36 
19 NEY 6.7 103 5.4 90 4.5 65 4.0 5.98: 
20 125 6.4 98 5.2 85 4.3 61 3.8 6.62 
21 119 6.1 93 4.9 81 4.0 59 3.6 7.30 
22 114 5.8 89 4.7 Thee 3.9 56 Se 8.01 
23 109 5.5 85 4.5 74 Bail 53 oe 8.76 
24 105 lsie33 82 4.3 ‘a 3,5 Ayal 3.2 9.53 
25 100 ayail 79 4.1 68 3.4 49 onl 10.35 
26 97 4.9 76 4.0 65 3:3 AT 2.9 11.19 
27 93 4.7 73 3.8 63 Biyil 46 2.8 12,07 
28 90 4.6 70 Bhat 61 3.0 44 Out 12.98 
29 87 4.4 68 3.6 59 2.9 42 2.6 13.92 
30 84 4.2 65 3.4 57 2:8 41 Pls 14.90 
Area 31.58 inches? 27.18 inches? 28.92 inches? 20.48 inches? 
84-1 235.2 inches? 184.1 inches? 159.5 inches? 115.3 inches? 
Weight | 107.5 lbs. per ft. | 93.3 Ibs. per ft. | 98.3 lbs. per ft. 69.2 lbs. per ft. 


Safe loads above horizontal lines excee 
with stiffeners; for limiting conditions sec exp 
Weights given for girders do no 


+ include stiffeners, 


d the web resistance and girders should be provided 
lanatory notes and Construction Specifications. 
rivet heads or other details. 
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RIVETED PLATE GIRDERS 


Sarge Loaps 1n THOUSANDS OF PouNnps UNIFORMLY DISTRIBUTED 


Maximum Bending Stress, 16000 Pounds Per Square Inch 


i ml a ” A . Ss ey 
« See: bes ae ara Peel 1246 12 Sales 14 | F 14 = 
ae irq ri i vapy | fae] § |i 
amine yl ey ep «| Li | 
‘ x sy BS RS oi Abe S| 
| | i | a 9 3 8 i R a | q 
i H i H 1 { f H H a=) 
ieee ee 1 adhe tel ] || ites Veit, 33 
(ep gia ip gp —b Geis ics 2 
Span | A 
in Dimensions in Inches | 6 
pete || enema | cae SEP EE) oa iE |) 22 
SSA | BR | BR | aa | eae | aa | sah | 
AP2o |} Ree | kee | Meo |Reeo | Meo! ee 2 
age | ene |e FS) ease eae ana | S 
Ose | Cas | Cad ea | @ad | oad | Cad 
Bae | Pee | Eee BE | Re | BEE | PRS 
| | | \o | 
to) q te] ON N\ 
Net See nca eS go res edna sere ress eo 
Ne o o\ oN KS CN 4 NA = ON eo 2 
Sees) || eles sie ca Sx | SRS | SRS | SHS 
et eee | Pee ee | Aen | Fon | gon 
atta | ast | aN a mata | Aka | aack 
} 
20 325 331 301 274 196 196 299 278 | 6.62 
21 310 315 287 261 187 186 285 265 | 7.30 
22 296 301 274 249 178 178 272 253 | 8.01 
23 283 288 | 262 238 171 170 260 242 | 8.76 
24 271 276 251 228 164 163 249 232 | 9.53 
25 260 265 241 219 157 156 239 223 10.35 
26 250 255 | 232 211 151 150 230 214 /11.19 
27 241 245 223 203 145 145 | 922 206 |12.07 
28 232 236 215 196 140 140 214 199 |12.98 
29 224 228 208 189 135 135 206 192 |13.92 
30 217 221 201 183 131 130 199 186 |14.90 
31 210 214 194 177 127 126 193 180 |15.91 
32 203 207 188 171 123 122 187 174 |16.95 
33 197 201 183 166 119 119 181 169 |18.03 
34 191 195 177 161 115 115 176 164 |19.13 
35 186 189 172 157 112 12 Vel 159 |20.28 
36 181 184 167 152 109 109 166 155 (21.45 
37 176 179 163 148 106 106 162 150 |22.66 
38 ileal 174 159 144 | 103 103 157 147 |23.90 
39 167 170 155 141 101 100 153 143 25.18 
40 163 166 151 137 98 98 150 139 (26.48 
41 159 161 147 134 96 95 146 136 |27.82 
42 155) ih 158 | 144 131 94 93 142 133 |29.20 
“Area | 55.50 | 52.19 | 47.75 | 4495 | 3469 | 3470 | $450 47.00 | In.2 
Si-1_ | 609.7 | 620.6 | 565.1 | 514.0 | 368.1 | 366.7 560.7 521.9 | Ins 
Wi. per Fi.) 188.9 177.8 | 162.6 | 150.7 ES sea 185.5 160.0 | Lbs. 
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Weights given for girders do not include stiffeners, rivet heads, or other details, 
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RIVETED PLATE GIRDERS—Continued 
Sarge Loaps In THOUSANDS oF PouNnps Untrormuy DistrRInuTED 
Maximum Bending Stress, 16000 Pounds Per Square Inch 
fad! a| we d"o) 212962) 10%) we 1d" edd) we 1d" o| 185 
rq i) gs =e j] gt i) ee eS ee ee 
apr) ar) S| a) Sage ae] (Sap | i 
= | H i let i 
aw Ne SA AA Sa 1 A AY 
R less =~ > ss x > SU 
1 i i ' 1 i i fat i os 
| ad | 1 aSiita,| | aa | | ada | | ax 3 
| aaSia,| | tei) 1S) pS) ee) eee LS é 
Span Q 
in Dimensions in Inches g 
Regs | alee 2) 82] 38) 83] 38/8 
ws ae rH) Et) ao Bo en eos &) 
gin | S28 | <2 | 82 | San | Sen | fee | <n | ¥ 
Roo hoo (a) io oo Moo Loo Qoo 2 
ie ae eee | ee alt ere aaa | ipa ee | 
O88 | Cag os o 6 eae | OSS | Cag | Tas 
Bee | Bee | Fe BE Bem | Bae | Pee | PRS 
aN a 
oe) Se ee Pee es eS | ee eee 
bt ben 4 xH “on Hb won Ket 4 hon bd 
COO MH one oO K CO HM ia OHH O HH OhMN 
NANO Norn No CoN ten) Norn NOs Noe N10 4 
ae, || apa, | ae De a See) 
18 281 249 168 148 258 229 202 176 | 5.36 
19 266 236 160 140 | 244 217 192 167 | 5.98 
20 253 224 152 133 232 206 182 159 | 6.62 
21 241 214 144 UW7¢ 221 196 173 151 Whae10) 
22 230 204 138 121 211 187 166 144 | 8.01 
23 220 195 132 116 202 179 158 138 | 8.76 
24 li 187 126 111 193 Ae 152 132 | 9.53 
25 202 180 ia 106 186 165 146 127 |10.35 
26 195 173 ital, 102 178 158 140 122 |ti19 
7a lise 166 ie 98 172 153 135 118 |12.07 
28 181 160 108 95 159 147 130 114 |12.98 
29 174 155 105 92 160 142 126 110 {13.92 
30 169 150 101 39 155 137 121 106 |14.90 
ooh 163 145 98 86 150 133 118 103 115.91 
29 158 140 95 83 145 129 114 99 116.95 
33 153 136 92 81 141 125 110 96 118.03 
34 149 132 89 78 136 1h 107 93 119.13 
35 145 128 87 76 133 118 104 91 [20.28 
36 141 125 84 74 129 114 101 88 21.45 
37 137 Tail 82 72 125 lil 98 86 |22.66 
38 133 118 80 70 122 108 96 84 /23.90 
89 1) 130 115 7S 68 119 106 93 Si S5a1ls 
40 126 112 76 66 116 103 91 79 |26.48 
I | E il. ; 
| Area | 43.50 38.94 29.50 | 26.50 | 42.75 38.19 | 34.69 30.95 | In.2 
LS Ares 420.8 284.3 | 249.1 | 435.1 386.1 341.5 298.0 | In.8 
| Wt. perFt.| 148.1 132.5 100.5 90.1 | 145.6 130.0 118.1 105.4 | Lbs. 


Safe loads above horizontal lines exceed the end resistance and girders should be provided 
with stiffeners; for limiting conditions see explanatory notes and Construction Specifications. 


Weights given for girders do not include stiffeners, rivet heads, or other details. 
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SAFE 


CARNEGIE STEEL COMPANY 


RIVETED PLATE GIRDERS—Concluded 


Loaps In THOUSANDS OF Pounps UNIFORMLY DISTRIBUTED 


Maximum Bending Stress, 16000 Pounds Per Square Inch 


I : , ” 
. 12%%4>, 10% cI r 10365 0%: 
a) £ fet | a 
Baba ae a 
Hq ; ! ! ! i 

Be Se, rel Eee =| St 

~~ lee = = sa | BS 

© | p ¢ a - 

& a 8 a a a 

' H ' ' i H 

j | \ | zis, | I 4 {ape | ist 


Coefficients of Deflection 


Span 
it Dimensions in Inches : 
Feet 3 8 83 83 83 83 3 3 
ef | of | oPs | ePs| oP8 | oP | 22 | of 
aa a< aaa | edi | 8a | BR | aa ax 
Bo Re Ao foo | oo Roo yo ee 
aa | sf |2aa|efe|222|2s5| e2 | 34 
SE Ee PER | Fee | Bee | Eee Sm Pe 
Sb S Ss | & < =< 
Aa b 4 M4 i 
we | we | Se | Se | SSE | SH] SS | es 
met | lo bo bd Kop BOD bd CD b iice) 4 69 
abl Se ee ea ee oe a | ee ack 
_ Sr | | 
1s 153 134 224 | 204 181 161 121 98 5.36 
19 145 127 212 193 172 152 115 93 | 5.98 
20 138 | 120 202 183 163 144 109 88 6.62 
21 Titel) ols 192 | 175 155 138 | 104 84 7.30 
22 126 | 110 TSA) al) ean 148 131 99 80 8.01 
23 120 105 176 | 159 142 126 95 77 8.76 
24 115 | 101 168 153 136 120 91 74 9.53 
25 110 | 97 162 | 147 131 116 87 WN AOS Ss 
26 106 93 155 141 126 111 84 68 {11.19 
27 102 90 150 | 136 121 107 81 65 | 12.07 
28 99 86 144 131 117 103 78 63 | 12.98 
29 95 83 139 126} 113 100 75 61 | 13.92 
30 92 81 135 122 | 109 96 73 59 | 14.90 
31 89 78 130 118 105 93 70 57 |15.91 
32 86 76 126 115 102 90 68 55 | 16.95 
33 84 73 123 111 99 88 66 53 =| 18.03 
34 81 71 119 108 96 85 64 52 |19.13 
35 79 69 115 105 93 83 62 50 | 20.28 
36 Fee 67 112 102 91 80 61 49 | 21.45 
37 75 65 109 99 88 78 59 48 | 22.66 
38 73 64 106 96 86 76 57 46 | 23.90 
39 ial 62 104 94 84 74 56 45 |25.18 
40 69 60 101 92 82 72 55 44 | 26.48 
Area 28.75 25.75 | 40.00 | 37.00 | 33.20 | 30.20 | 25.00} 21.20 | In2 
Si-1 | 258.9 226.6 | 378.5 | 343.6 | 306.1 | 270.9 | 204.6 | 165.5 | In3 
Wt.per Ft.) 98.0 87.6 | 136.0 | 125.8 | 113.0 | 102.8 85.0 72.2 | Lbs. 


Safe loads above horizontal lines exceed the end resistance and girders should be provided 
with stiffeners; for limiting conditions see explanatory notes and Construction Specifications. 


Weights piven for ee do not include stiffeners, rivet heads, or other details. 


GIRDERS 


Web + 4" 


RIVETED PLATE GIRDERS 


To obtain-a girder suitable to carry any specified 
loading, determine the maximum end reaction in pounds 
and the maximum bending moment in inch-pounds. 


Select from the table a girder having the desired 
depth, a thickness of web as determined by the maximum 
end reaction and a suitable section modulus as deter- 
mined by dividing the bending moment by the permissible 


stress per square inch. 


For limiting conditions see explanatory notes and 
Construction Specifications. 
Weights given do not include stiffeners, rivet heads, 
or other details. 


Weight per Foot, Maximum 
Section Size in Inches Roande End 
Modulus, |- = : Reaction 

; Web Plate | ey 
pie Web Flange Flange ee Flange | ee 
nches® D ae "lange 5 
Plate Angles Plates hee Plates Barus 

136.6 4x 3 x% 59.5 50.6 
168.6 4x 3x% 69.9 50.6 
198.7 5x34bxk 79.9 50.6 
236.1 24 x 546. |5x34x% 92.7 50.6 
238.9 5x38K4xk 12x% 79.9 40.8 50.6 
372.9 5x38%xk 12x & 79.9 51.0 50.6 
408.5 5x38¥x% 12x & 92.7 51.0 50.6 
142.5 4x 3 x% 64.6 60.8 
165.5 5x34x% 72.2 60.8 
174.5 4x 3xk% (dO) 60.8 
204.5 AK ok 0% 85.0 60.8 
204.6 5x34%x% 85.0 60.8 
242.0 24x34 |5x384x% 97.8 60.8 
270.9 5x314x% 12x % 72.2 30.6 60.8 
306.1 5x34x% 12x% ee 40.8 60.8 
343.6 5x384x 12x% 85.0 40.8 60.8 
378.5 5x3d8xl 12x &% 85.0 51.0 60.8 
414.1 5x34Bx% 12x & 97.8 51.0 69.8 
oie 4x 3 x% 61.6 56.3 
176.8 5x3144x 3% 69.2 56.3 
186.6 4x 3x 72.0 56.3 
201.2 6x 4 x% 76.8 56.3 
219.6 5x384xk 82.0 X63) 
252.0 6x 4x4 92.4 56.3 
260.7 5x8Yx5% 94.8 56.3 
291-3 26 x 46 |5x38%x% 12x % 69.2 30.6 56.3 
301.0 6x 4x% 107.6 56.3 
329.5 5x34%x% 12x 4 69.2 40.8 56.3 
334.8 || 6x 4 x% 14 x & 76.8 OD. t 56.3 
270.7 \ 5x34gxk%| 12x% 82.0 40.8 56.3 
379.4 6x 4 x% 14x 76.8 47.6 56.3 
408.6 12x % 82.0 51.0 56.3 
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CARNEGIE STEEL COMPANY 


RIVETED PLATE GIRDERS—Continued 


Size in Inches Welgit bes Bock, Maximum 
Section End 
Modulus, Renation 

; | e | 
Axis 1-1, Web Flange Flange aig Flange houses 
Inches? Plate Angles Plates Flange | Pilates Pounds 
| Angles | 

428.4 |6x 4x%| 14x%| 924 | 47.6 56.3 
447.9 |) 5xXx3Yx% 12x & 94.8 | 51.0 56.3 
472.7 26x%— |6x 4x%| 14x% 92.4 | 59.5 56.3 
519.5 6x 4x% 14x % 107.6 | 59.5 56.3 
563.4 6x 4x%| 14x % 107.6 71.4 56.3 
158.5 4x 3 x% 67.2 67.5 
183.8 5x316x% 74.8 67.5 
193.5 4x 3x 77.6 67.5 
208.1 6x 4 x% 82.4 67.5 
226.5 4x 3 x% 87.6 67.5 
226.6 5x34%x\% 87.6 67.5 
258.9 6x 4x4 ; } 98.0 67.5 
267.6 5x34x% 100.4 67.5 
298.0 5x3K%x% 12x % 74.8 30.6 67.5 
307.9 6x 4x% 1tS.2 67.5 
336.2 5x384x% 12x % 74.8 40.8 67.5 
341.5 26x53 |6x 4 x34| 14x % 82.4 Sond 67.5 
354.4 6x 4 x% 127.6 67.5 
377.4 5x34%x\% 12x\% 87.6 40.8 67.5 
386.1 6x 4 x 14x 4 82.4 47.6 67.5 
415.2 5x384xk i2x &% 87.6 51.0 67.5 
435.1 6x 4x 4x% 98.0 47.6 67.5 
454.5 5x384x% 12x % 100.4 51.0 67.5 
479.3 6x 4x 14x % 98.0 59.5 67.5 
526.1 6x 4x% 14 x 58 113.2 59.5 67.5 
569.9 6x 4x% 14 x 34 113.2 71.4 67.5 
613.9 6x 4 x% 14x % 127.6 71.4 67.5 
200.4 4x 3x 83.1 78.8 
233.4 4x 3x% 93.1 78.8 
233.5 5x3844x\% 93.1 78.8 
265.8 6x 4x 103.5 78.8 
274.5 5x3144x% 105.9 78.8 
314.8 6x 4x% 118.7 78.8 
361.3 6x 4 x% 133.1 78.8 
384.0 26x%e6 |5x34x|) 12x, 93.1 40.8 78.8 
421.8 5x384xk 12x &% 93.1 51.0 78.8 
441.7 6x 4x 14x 103.5 47.6 78.8 
461.1 5x3K4x% 12x % 105.9 51.0 78.8 
485.9 6x 4x 14x & 103.5 59.5 78.8 
532.7 6x 4x%| 14x % 118.7 59.5 78.8 
576.5 6x 4x% 14 x 3% 118.7 71.4 78.8 
620.5 6x 4 x34 14 x 3% eral || 71.4 78.8 


GIRDERS 


RIVETED PLATE GIRDERS—Continued 


Weight per Foot, 


eas Size in Inches Poreda M aximam 
Modulus, ; Reaction 
In 
Azis 1-1, Web Flange Flange ia Flange Thousands 
Inches? Plate Angles Plates Flange Plates P - d 
Angles ounds 
185.6 5x3144x% 70.3 56.3 
211.0 6x 4 x% 77.9 Bes 
230.3 56x38uxk 83.1 56.3 
264.1 6x4 x 93.5 56.3 
273.2 5x314xK % 95.9 56.3 
304.5 5x314x34| 12 x % 70.3 30.6 56.3 
315.3 6x 4 x%& 108.7 56.3 
344.2 5x3x3g| 12x% 70.3 40.8 56.3 
349.8 | 27X%e |6x 4 x%| 14x % 77.9 35.7 56.3 
387.3 5x34wxg| 12x\% 83.1 40.8 56.3 
396.2 6x 4 x%| 14x 77.9 47.6 56.3 
426.7 5x3¥xle| 12x % 83.1 51.0 56.3 
447.4 6x4 x%| 14x% 93.5 47.6 56.3 
467.7 5x3144%5%| 12 x 5% 95.9 } 51.0 56.3 
493.4 6x 4 xk4| 14x % 93.5 | 59.5 56.3 
542.4 6x 4 x%| 14x % 108.7 | 59.5 56.3 
588.0 Gx 4 x] 14x 34 108.7 71.4 56.3 
193.1 5x31 x34 76.0 67.5 
218.5 6x4 x% 83.6 67.5 
237.8 5x38i4xl4 88.8 67.5 
271.5 6x 4x 99.2 67.5 
280.6 5x31gx 5% 101.6 67.5 
Sila 7, 5x3144x%| 12 x 3¢ 76.0 30.6 67.5 
322.7 6x 4 x%&% 114.4 67.5 
351.4 5x384x%| 12xi% 76.0 40.8 67.5 
357.1 6x 4 x%| 14x% 83.6 35.7 67.5 
371.4 | 272% |6x 4 x3 128.8 67.5 
394.5 5x344x| 12x\% 88.8 40.8 67.5 
403.4 6x 4 x%) 14x\% 83.6 47.6 67.5 
417.9 6x 4 xi 143.2 67.5 
433.8 5x344x%| 12x % 88.8 51.0 67.5 
454.6 6x4 x%| 14x\% 99.2 47.6 67.5 
474.8 5x3144x%| 12x % 101.6 51.0 67.5 
500.5 6x 4 x4| 14x% 99.2 59.5 67.5 
549.5 6x 4 x%| 14x % 114.4 59.5 67.5 
595.1 6x 4 x%| 14x % 114.4 71.4 67.5 
641.2 6x 4 x3%{| 14x % 128.8 71.4 67.5 
245.2 5x384%x% 94.6 ce 
279.0 %, 6x 4x 105.0 : 
eer OP swaiaa sg 107.4 78.8 
330.2 6x 4 x& 120.2 78.8 


CARNEGIE STEEL COMPANY 


RIVETED PLATE GIRDERS—Continued 


Weight per Foot, 


eons Size in Inches Bones ee 
Modulus, ee, yi 
| low 
Axis 1-1, Web Flange Flange bile he Flange onergacs 
Inches? Plate Angles Plates Flange Plates arg 
Angles 
378.8 6x 4 x34| 134.6 78.8 
401.7 5x34x% 12x% 94.6 40.8 78.8 
425.3 6x 4x 149.0 78.8 
440.9 5x34%x% 12x % . 94.6 51.0 738.8 
461.8 27x %o |\6x 4x 14x 105.0 47.6 78.8 
482.0 5x34yx% 12x % 107.4 51.0 78.8 
SOT. 6x 4x4 14x %& 105.0 59.5 78.8 
556.6 6x 4 x% 14x % 120.2 59.5 78.8 
602.4 6x 4 x%| 14x 34 120.2 71.4 78.8 
648.2 6x 4 x34 14 x 3% 134.6 714 78.8 
| 
194.5 5x3K4x% 71.4 56.3 
221.0 6x 4 x% 79.0 56.3 
241.1 56x34x% 84.2 56:3 
276.3 6x 4x4 94.6 56.3 
285.8 5x384x% 97.0 56.3 
317.8 5x344x% 12x % 71.4 30.6 56.3 
329.7 6x 4 x% 109.8 56.3 
359.0 5x384x% 12x 71.4 40.8 56.3 
365.0 28x%6 |6x 4x% 14x &% 79.0 Souk 56.3 
404.0 5x34x4 12x % 84.2 40.8 56.3 
413.1 6x 4 x% 14x 79.0 47.6 56.3 
444.8 5x34x% 12x % 84.2 51.0 56.3 
466.5 6x 4x4; 14x 94.6 47.6 56.3 
487.6 5x3144x% 2x & 97.0 51.0 56.3 
514.2 6x 4x4 14x & 94.6 59.5 56.3 
565.4 6x 4 x% 14x & 109.8 59.5 56.3 
612.7 6x 4x%| 14x % 109.8 TA 56.3 
202.5 5x34x% Virss) 67.5 
229.0 6x 4 x% 84.9 67.5 
249.1 5x34x% 90.1 67.5 
284.3 6x 4x 100.5 67.5 
293.8 5x34x% 102.9 67.5 
25.6 5x34x%| 12x% 77.3 30.6 67.5 
337.7 28 x % 6x 4x% 115.7 67.5 
366.7 5x34x% 12x% TS 40.8 67.5 
372.8 6x 4 x34) 14x % 84.9 Saar 67.5 
388.5 6x 4 x% 130.1 67.5 
411.7 5x384x 12x 4% 90.1 40.8 67.5 
420.8 6x 4 x% 4x 84.9 47.6 67.5 
437.0 6x 4x 144.5 67.5 
452.5 §x3K4%xk% 12x ¥& 90.1 51.0 67.5 
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GIRDERS 


RIVETED PLATE GIRDERS—Continued 
= a Taj 
ty Size in Inches W De oe Nese 
Modulus Pysue 
9 eaction 
fe ¢ In 
Axis 1-1, Web Flange Flange ios Flange Thousands 
Inches* Plates Angles Plates Flange Plates ot 
Angles Pounds 
474.3 6x 4 xi44| 14x% | * 100.5 47.6 67.5 
495.3 5x3144x54| 12x % 102.9 51.0 67.5 
521.9 2px (6x4 x] 14x % 100.5 59.5 67.5 
573.1 6x 4 x5%| 14x % iS 59.5 67.5 
620.4 6x 4 x3%| 14x % 115.7 71.4 Gi 
668.6 6x 4 x%{| 14x % 130.1 71.4 67.5 
257A 5x34x\% 96.1 78.8 
292.4 6x 4 xi% 106.5 78.8 
301.8 5x314x% 108.9 78.8 
345.8 6x 4 x&% 124127 78.8 
396.5 6x 4 x3 136.1 78.8 
419.5 5x384x%4| 12x% 96.1 40.8 78.8 
445.1 28x46 |6x 4 xh 150.5 78.8 
460.2 5x844x%| 12x % 96.1 51.0 78.8 
482.0 6x 4 xlg| 14x% 106.5 47.6 78.8 
503.0 5x3144x54| 12x % 108.9 51.0 78.8 
529.6 6x 4 x4| 14x % 106.5 59.5 78.3 
580.8 6x 4 x] 14x % eH 59.5 78.8 
628.0 6x 4 x5g| 14x % ible Tides 78.8 
676.2 6x 4 x3| 14x 34 136.1 71.4 78.8 
2218: 5x38Yx% 79.9 74.3 
250.5 6x 4 x% 87.5 74.3 
Dep ih 5x8M4xl4 92.7 74.3 
310.3 6x4 xi 103.1 74.3 
320.5 5x314x5% 105.5 74.3 
353.8 5x8%x%| 12x % 79.9 30.6 74.3 
366.2 5x3144x% itl 74.3 
368.1 6x 4 x& 118.3 74.3 
397.8 5x384x%| 12x 79.9 40.8 74.3 
404.7 6x 4 x%| 14x % 87.5 35.7 | 74.3. 
423.1 30x 3% |6x 4 x% SOU 74.3 
446.6 5x3844xl4| 12x% 92.7 40.8 74.3 
456.1 6x 4 x%| 14x% 87.5 47.6 74.3 
475.8 6x 4 xk 147.1 74.3 
490.3 5x84x%| 12x % 92.7 51.0 74.3 
514.0 6x4 x%| 14x% 103.1 47.6 74.3 
536.7 5x314x5%| 12x % 105.5 51.0 74.3 
565.1 6x 4 x%| 14x &% 103.1 59.5 | 74.3 
620.6 6x 4 x5g| 14x % 118.3 59.5 74.3 
671.3 6x 4 x%| 14x % 118.3 71.4 74.3 
723.8 6x 4 x34| 14x % BQ Fala 74.3 


CARNEGIE STEEL COMPANY 


RIVETED PLATE GIRDERS—Continued 
Size in Inches Mien ae Foot, Maximum 
Section ounces End 
Modulus, = Reaction 
. in 
Axus 1-1, Web Flange Flange bea a Flange Taaueands 
Inches® Plates Angles Plates Flange Plates Pounds 
Angles 
| 
281.4 5x316x34] 99.0 86.6 
319.5 l6x 4 xi&% 109.4 36.6 
329.7 | 5x3U4x% ASIGIES 86.6 
375.5 |5x314x34 123:8 | 86.6 
BFS 6x 4 x%& 124.6 86.6 
432.3 |6x 4 x3% 139.0 86.6 
455.5 5x3144x| 12x\% 99.0 40.8 86.6 
485.0 30x%e |6x 4 x% 153.4 | 86.6 
499.2 |5x34%xk| 12x % 99.0 51.0 86.6 
523.0 6x 4x4) 14x% 109.4 | 47.6 86.6 
545.6 5x3144x5%| 12x % ACS ey atk O 86.6 
574.0 16x 4 x4] 14x % 109.4 59.5 86.6 
629.5 6x 4 x%| 14x % 124.6 59.5 86.6 
6380.1 6x 4 x%| 14x % 124.6 71.4 86.6 
732.6 l6x 4 x34| 14x % 139.0 71.4 86.6 
290.6 \5x34x% 105.4 
328.8 6x 4 x\¥% 115.8 
338.9 5x34x% 118.2 | 
384.7 5x8Y4x 3% 130.2 
386.5 6x 4 x¥% 131.0 
441.5 6x 4 x% 145.4 
464.4 5x34x%| 12x% 105.4 
494.2 30x% |6x 4 x 159.8 
508.0 5x384xl4| 12x % 105.4 | 
531.9 6x 4x%| 14x% 115.8 
554.5 5x3B%x%| 12x &% 118.2 
582.8 6x 4 x 14x & STUER 
638.3 6x 4 x%| 14x % 131.0 
688.9 6x 4 x%| 14x % 131.0 
741.3 6x 4 x%| 14x % 145.4 
251.7 5x314x% 83.7 
OBO 6x 4 x%& 91.3 
307.7 5x384x% 96.5 
308.4 6x 6 x% 101.7 
350.3 6x 4 x\% 106.9 
361.5 33 x3% |5x34x% 109.3 
383.6 6x 6 x4 120.5 
396.9 5x34x%| 12x % 83.7 
412.5 5x314x% OES 
414.7 6x 4 x&% TT 
445.5 §x34x% 12x \% 83.7 
453.4 6x 4 x) 14x% 91.3 


GIRDERS 


RIVETED PLATE GIRDERS—Continued 


Weight per Foot, 


ae Size in Inches ‘mini Maximum 
Modulus, cs Reaction 
in 
Axis 1-1, Web Flange Flange ee Flange Thousands 
Inches* Plate Angles Plates Flange Plates of 
Angles Pounds 
455.9 6x 6 x& 138.9 121.5 
476.1 6x 4 x% 136.5 81.0 
477.6 6x 6 x3%%| 14x % 101.7 35.7 121.5 
499.8 5x344x%| 12x% 96.5 40.8 81.0 
510.0 6x 4x%| 14x% 91.3 47.6 | 81.0 
525.4 6x 6 x4 156.9 2d, 
534.1 6x 6x%| 14x% 101.7 47.6 121.5 
548.0 5x384%x%) 12x% 96.5 51.0 81.0 
574.7 6x 4x% 4x 106.9 47.6 81.0 
590.6 6x 6 x3%| 14x % 101.7 59.5 121.5 
592.6 33x % |ex 6 x% 174.5 121.5 
599.9 5x34%x5%| 12x % 109.3 51.0 81.0 
607.1 6x 6x4 14x% 120.5 47.6 121.5 
630.9 6x 4x%| 14x % 106.9 59.5 81.0 
663.1 6x 6x%|] 14x% 1120:5 59.5 121.5 
693.0 6x 4 x%| 14x % 122) 1 59.5 81.0 
719.2 6x 6 x% 14 x % 120.5 71.4 121.5 
732.7 6x 6 x%| 14x% 138.9 BOS zd 
748.9 6x 4 x5g| 14x 34 ibepat TA: 81.0 
788.3 6x 6 x54/° 14x % 138.9 71.4 ees) 
807.6 6x 4 x%| 14x % 136.5 Tale 81.0 
854.9 6x 6 x%{| 14x % 156.9 71.4 12105, 
318.9 5x84%x% 103.5 94.5 
361.5 6x 4x% 113.9 94.5 
372.7 5x314x% 116.3 94.5 
394.8 6x 6 x4 es | 141.8 
423.7 5x3144x%4 128.3 94.5 
425.8 6x 4 x% 129.1 94.5 
467.0 6x 6 x% 145.9 141.8 
487.2 6x 4 x34 143.5 94.5 
510.7 33x the |5x3144x 12x % 103.5 40.8 94.5 
536.6 6x 6 x% 163.9 141.8 
558.8 5x3K4xk 12 x & 103.5 51.0 | 94.5 
585.6 6x 4x 14x 113.9 47.6 94.5 
603.8 6x 6x 181.5 141.8 
610.6 5x34x% 12x % 116.3 51.0 94.5 
617.9 6x 6 xk 14x% WHYS) 47.6 141.8 
641.7 6x 4 x% 14x & 113.9 59.5 94.5 
673.9 6x 6 x% 14x % 127.5 59.5 141.8 
703.8 6x 4 x5 14x % 129.1 59.5 94.5 


| 


CARNEGIE STEEL COMPANY 


RIVETED PLATE GIRDERS—Continued 


fae Wei F : 
CRs Size in Inches & ehh per Foor, Ma senus 
Modulus, Reaction 
| 7 t in 
Axis 1-1, Web Flange Flange "x ae Flange uowiends 
Inches* Plates Angles Plates Flange Plates Pounds 
| Angles 
729.9 6x 6 x4] 14x % 127.5 71.4 141.8 
743.5 6x 6 x%| 14x% 145.9 | 59.5 141.8 
759.6 | 33x%o|6x 4 x54| 14x34 129.1 71.4 94.5 
799.0 6x 6 x%| 14x 34 145.9 714 141.8 
818.3 6x 4 x3%{| 14x % 143.5 71.4 94.5 
865.6 6x 6 x3%{| 14x % 163.9 71.4 141.8 
330.0 5x3144x% 110.5 108.0 
372.6 6x 4 x% 120.9 | 108.0 
383.9 5x314x 54 12 s3 108.0 
406.0 6x 6 x4 134.5 162.0 
434.9 5x314x34 1 135.3 108.0 
437.0 6x 4 x%& 136.1 108.0 
478.2 6x 6 x5! 152.9 162.0 
498.4 6x 4 x34 150.5. 108.0 
521.5 5xdigxi4|. 12x34 + 110.5 40.8 108.0 
547.8 6x 6 x3 | 170.9 162.0 
569.5 5x3K4x%4| 12x % 110.5 51.0 108.0 
596.4 33x% |6x4x%|] 14x% 120.9 47.6 108.0 
615.0 6x 6 xié ° 188.5 | 162.0 
621.4 5x34gx¥g}| 12x% | 123.3 |° 51.0 108.0 
628.8 6x 6 x4] 14x% 134.5 47.6 162.0 
652.5 6x 4 x%| 14x % 120.9 59.5 108.0 
684.6 6x 6 x4| 14x% 134.5 59.5 162.0 
714.5 6x 4 x54| 14x &% 136.1 59.5 108.0 
740.6 6x 6 xl4| 14x % 134.5 | 714 162.0 
754.3 6x 6 x54| 14x % 152.9 59.5 162.0 
770.3 6x 4 x%| 14x % 136.1 71.4 102.0 
809.7 6x 6 x%| 14x% | 152.9 71.4 162.0 
829.0 6x 4 x3%{| 14x % 150.5 71.4 108.0 
876.3 6x 6 x3{| 14x % 170.9 71.4 162.0 
318.0 6x 4 x 95.1 87.8 
344.4 5x3844x\% 100.3 87.8 
346.9 6x 6 x3 105.5 135.0 
391.4 6x 4 x LLOVe 87.8 
403.7 5x38144x% 113.1 87.8 
430.3 36 x 3% |6x 6 x 124.3 135.0 
460.0 5x3144x 34 125.1 87.8 
462.4 6x 4 x% 125.9 87.8 
503.3 6x 4 x3| 14x% 95.1 35.7 87.8 
510.5 6x 6 x% 142.7 135.0 
530.2 6x 4 xX 140.3 87.8 
531.6 Gx 6 x3] 14x % 105.5 35.7 135.0 
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RIVETED PLATE GIRDERS—Continued 


Baan Size in Inches poe Poot, Maximum 
Modulus, Becca 
‘ in 
Axis 1-1, Web Flange Flange Bae Flange Thousands 

Inches? Plates Angles Plates Flange Plates P 8 
Angles ounds 
554.3 5x34x4%| 12x\% 100.3 40.8 87.8 
565.1 6x 4 x3| 14x% 95.1 47.6 87.8 
593.2 6x 6 x%] 14x\% 105.5 | 47.6 135.0 
595.3 6x 4 xk 154.7 87.8 
606.8 §x34%x\% 12x % 100.3 51.0 87.8 
636.5 6x 4 xk%| 14x% OL 47.6 87.8 
654.9 6x 6 x%| 14x % 105.5 59.5 135.0 
664.2 36 x 3% 5x34%x%| 12x % ihakeyaik 51.0 87.8 
674.4 6x 6 x] 14x% 124.3 47.6 135.0 
698.0 6x 4 x| 14x % PNOR, 59.5 87.8 
WB oo: 6x 6 x4 14x % 124.3 59.5 135.0 
766.6 6x 4 x5| 14x % 125.9 59.5 87.8 
796.8 6x6) x24) 14x 27 124.3 Wea: 135.0 
813.1 6x 6 x% 14x % 142.7 59.5 135.0 
827.6 6x 4 x] 14x % 125.9 alee 87.8 
873.8 6x Ge 14x % 142.7 71.4 135.0 
892.8 6x 4 x3] 14x % 140.3 714 87.8 
3857.70 5x34x% 108.0 102.4 
404.7 6x 4 x 118.4 102.4 
417.0 | 5x34x% 120.8 102.4 
443.6 6x 6 x 132.0 ate 
473.3 5x316 x34 132.8 102.4 
Aioud 6x 4 x% | 133.6 | 102.4 
523.8 6x 6 x% 150.4 157.5 
543.5 6x 4 x3 148.0 102.4 
567.2 5x3%xw%| 12x% 108.0 40.8 102.4 
608.6 36x Vg |6x 4 xh 162.4 102.4 
619.7 5x34x%| 12x % 108.0 ile Ol es 102.4 
649.5 6x 4 x¥% 4x 118.4 A7.6 102.4 
Give: 5x34x% 12 x %% 120.8 51.0 102.4 
687.3 6x 6 x&%| 14x% 132.0 47.6 V5.5 
710.8 6x 4 x%| 14x% 118.4 59.5 102.4 
748.4 6x 6 x4] 14x % 132.0 59.5 15ieo 
779.5 | 6x 4 x%| 14x% 133.6 59.5 102.4 
809.5 6x 6 x 14 x % 132.0 71.4 157.5 
825.9 6x 6 x%| 14x % 150.4 59.5 gee, 
840.4 6x 4 x5g| 14x % 133.6 71.4 102.4 
6 x54| 14x % 150.4 71.4 aed) 
905.5 6x 4 x34| 14x % 148.0 714 = | 102.4 
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RIVETED PLATE GIRDERS—Continued 


= —- = 
= as Weigh Foot, 4 
aes Size in Inches | “s coated ia 
Modulus, | Reaction 
in 
Axis 1-1, Web Flange Flange | i | Flange | Thousands 
Inches3 Plates Angles Plates Flange Plates Pounds 
; | Angles 
| 
418.0 6x4x\% 126.0 LLTEAO 
456.9 6x6x% 139.6 180.0 
489.0 6x4x% 141.2 117.0 
537.1 6x6x % 158.0 180.0 
556.9 6x4x % 155.6 LR 
614.5 6x6x% 176.0 | 180.0 
621.9 6x4xk 170.0 117.0 
662.5 6x4x%} 14x% | 126.0 47.6 117.0 
689.2 6x6x kh | 193.6 180.0 
700.5 6x6x%] 14x% 139.6 | 47.6 180.0 
W2300 6x4xl%| 14x % 126.0 59.5 117.0 
761.3 36x% |6x6x%| 14x% 139.6 | 59.5 180.0 
792.3 6x4x | 14x % | 141.2 59.5 117.0 
822.3 6x6x%4| 14x % 139.6 71.4 180.0 
838.8 6x6x | 14x % 158.0 |) 59.5 180.0 
853.2 6x4x%| 14x % Ate Vielee:' 117.0 
899.4 6x6x | 14x % 158.0 71.4 180.0 
918.3 6x4x%| 14x % 155.6 71.4 117.0 
973.7 6x6x%4| 14x %& 176.0 71.4 | 180.0 
1039.4 6x 4°87) 14x 1 155.6 95.2 117.0 
1094.1 6x6x %|] 14x 1 176.0 95.2 180.0 
1101.1 6x4xK| l4x1 LZOL0) 95.2 117.0 
1164.9 6x6xK)| 14x 1 193.6 95.2 180.0 
444.7 |6x4x% 141.3 146.3 
483.5 6x6x\% 154.9 225.0 
515.7 6x4x % 156.5 146.3 
563.7 6x6x % 173.3 225.0 
583.5 é 6x4x% 170.9 146.3 
641.2 6x6x 4 191.3 225.0 
648.5 6x4xk 185.3 146.3 
688.4 36x% |/6x4x%}] 14x 141.3 47.6 146.3 
715.8 6x6x kK 208.9 225.0 
726.2 6x6x%4| 14x\% 154.9 47.6 
749.4 6x4x%4| 14x 141.3 59.5 146.3 
787.0 6x6x%| 14x % 154.9 59.5 225.0 
818.1 6x4x%| 14x % 156.5 59.5 146.3 
847.9 6x6x4| 14x % 154.9 71.4 225.0 
864.6 6x6x %|] 14x % 173.3 59.5 225.0 
878.8 6x4x %] 14x % 156.5 71.4 146.3 
924.9 6x6x &| 14x % T7323 71.4 225.0 


284 


RIVETED PLATE GIRDERS—Continued 


GIRDERS 


Weight per Foot, 


Sennen Size in Inches DARATA Miaciatn 
End 
Modulus, Reaction 
: Fi in 
Axis oy Web Flange Flange era Flange Thousands 
Inches Plates Angles Plates Flange Plates of 
‘Angles Pounds 
943.9 6x4x%| 14x % 170.9 71.4 146.3 
999.3 6x6x | 14x % 191.3 ies 225.0 
1045.9 6x6x 5} 14x 1 473.3 95.2 225.0 
1064.7 36x 5 16x4x %| 14x 1 170.9 95.2 146.3 
1119.3 6x6x | 14x 1 191.3 95.2 225.0 
1126.3 6x4x%| 14x.1 185.3 95.2 146.3 
1190.1 | 6x6x%| 14x1 208.9 95.2 225.0 
390.2 6x4x % 102.8 101.3 
427.5 6x6x % 113.2 L575 
477.2 6x4xl 118.4 101.3 
§27.2 6x6x\% 132.0 157.5: 
561.4 6x4x % 133.6 101.3 
606.6 6x4x %} 145% 102.8 35.7 101.3 
623.5 6x6x % 150.4 1525 
638.3 6x4x %| 16x% 102.8 46.8 101.3 
642.1 6x4x % 148 0 101.3 
643.2 6x6x %| 14x % 113-2 Bond 150-5 
675.1 6x6x %! 16x % HAs S 40.8 157.5 
678.6 6x4x |] 14x% 102.8 47.6 101.3 
715.2 6x6x %|] 14x 113.2 47.6 157.5 
€16.5 6x6 x 3% 168.4 557/155 
719.5 6x4xk 162.4 101.3 
(Olek, || 6x6x%] 16x% 113.2 54.4 157.5 
COREL 42x % |6x4x%| 14x% 118.4 47.6 101.3 
787.2 6x6x %/ 14x % 113.2 59.5 157.5 
806.2 6x4x%4| 16x 118.4 54.4 101.3 
806.4 6x6xkK 186.0 157.5 
812.7 6x6x%] 144x% 132.0 47.6 157.5 
835.5 6x4x%]} 14x % 118.4 59.5 101.3 
855.2 6x6x%| 16x\% 132.0 54.4 157.5 
884.2 6x6x 1%} 14x % 132.0 59.5 157.5 
917.3 6x4x %]} 14x % 133.6 59.5 101.3 
937.3 6x6x 4%} 16x % 132.0 68.0 157.5 
955.7 6x6x%| 14x% 132.0 71.4 157.5 
970.4 6x4x%/} 16x % 133.6 68.0 101.3 
977.6 6x6x &| 14x % 150.4 59.5 157.5 
988.7 6x4x | 14x % 133.6 714 101.3 
1030.8 6x6x 5] 16x % 150.4 68.0 157.5 
1048.6 6x6x %| 14x % 150.4 71.4 157.5 
1066.6 6x4x %| 14x % 148.0 71.4 101.3 
1112.4 6x6x | 16x 3% 150.4 } 81.6 157.5 
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RIVETED PLATE GIRDERS—Continued 
Size in Inches W ae eS Maximum 
Section End 
Modulus, Reaction 
| | Web Plate | Phoneaids 
Axis 1-1, Web Flange | Flange | and Flange of 
Inches? Plates Angles | Plates Flange Plates Pounds 
| Angles 
1130.4 6x4x % 16 x % 148.0 81.6 101.3 
1138.5 6x6x%| 14x% 168.4 71.4 157.5 
1194.1 6x6x % 16x % 150.4 95.2 LS Teo: 
1202.3 42x % |6x6x%{| 16x34 | 168.4 81.6 157.5 
1283.5 6x6x%| 16x%| 168.4 95.2 157.5 
1286.4 | 6x4x 16x % 162.4 95.2 101.3 
1369.9 6x6x kK 16x 186.0 95.2 157.5 
495.3 6x4x% 127.3 118.1 
545.4 6x6x% 140.9 183.8 
579.5 6x4x % 142.5 118.1 
641.6 6x6x ¥% 159.3 183.8 
660.2 6x4x % 156.9 118.1 
734.7 6x6x % 177.3 183.8 
737.6 6x4x SUP iss 118.1 
781.5 6x4x% 4x% 127.3 47.6 118.1 
824.0 6x4x\% 16x % 127.3 54.4 118.1 
824.6 6x6x ad 194.9 183.8 
830.4 6x6x\% 14x 140.9 47.6 183.8 
853.1 6x4xl% 14x & 137.3 59.5 118.1 
872.9 6x6x\% 16x14) 140.9 54.4 183.8 
901.8 6x6xk%| 14x | 140.9 59.5 183.8 
934.9 42xN%e |6x4x % 14x & 142.5 59.5 118.1 
954.9 6x6x\% 16x % 140.9 68.0 183.8 
973.2 6x6x% 14 x % 140.9 T14 183.8 
988.1 6x4x% 16x %& 142.5 68.0 118.1 
995.3 6x6x % 14x % 159.3 59.5 183.8 
1006.2 6x4x % 14x 3% 142.5 71.4 118.1 
1048.4 6x6x & 16x & 159.3 68.0 183.8 
1066.2 6x6x % 14x 34 159.3 71.4 183.8 
1084.1 6x4x % 14x %& 156.9 71.4 118.1 
1129.9 || 6x6x% 16 x 34 w 159.3 81.6 183.8 
1147.9 | 6x4x % 16 x % 156.9 81.6 118.1 
1156.0 | 6x6x % 14 x 3% UAT es* 71.4 183.8 
1211.6 6x6x 16x % 159.3 95.2 183.8 
1219.8 6x6x 4% 16 x 34 LETTS 81.6 183.8 
1300.9 6x6x 4% 16x kK Iyer ers’ 95.2 183.8 
1387.3 6x6x % 16x % 194.9 95.2 183.8 
513.5 6x4x\% 136.2 135.0 
563.5 6x6x\% 149.8 210.0 
597.7 42x |6x4x% 151.4 135.0 
659.8 6x6x 168.2 210.0 
678.4 6x4x% 


165.8 135.0 
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RIVETED PLATE GIRDERS—Continued 


Weight per Foot, 


Seotion Size in Inches eae Nieeinen 
End 
Modulus, Reaction 
: : in 
Axis 1-1, Web lange Flange bi stngs Plinse Thousands 
Inches*, Plates Angles Plates Flange Plates of 
‘Angles Pounds 
752.8 Gx Ge 3 186.2 210.0 
755.8 6x4xk 180.2 135.0 
799.2 6x4xhk|] 14x% 136.2 47.6 135.0 
841.7 6x4x%4} 16x% 136-2 54.4 135.0 
842.7 6x6x% 203.8 210.0 
848.1 6x6x% 14x % 149.8 47.6 210.0 
870.8 6x4x4) 14x % 136.2 59.5 135.0 
890.6 6x6x\% 16x% 149.8 54.4 210.0 
919.4 6x6x% 14x % 148.8 59.5 210.0 
952.6 6x4x % 14x % 151.4 59.5 135.0 
972.6 6x6x%] 16x % 149.8 68.0 210.0 
990.8 6x6xW|] 14x % 149.8 71.4 210.0 
1005.7 6x4x5%| 16x % 151.4 68.0 135.0 
1012.9 42x% |6x6x %|, 14x % 168.2 59.5 210.0 
1023.7 6x4x5| 14x 34 151.4 TA:4. 135.0 
1066.0 6x6x%| 16x % 168.2 68.0 210.0 
1083.7 6x6x 5%] 14x 4% 168.2 71.4 210.0 
1101.7 6x4x%| 14x % 165.8 GAA: 135.0 
1147.5 6x6x%] 16x % 168.2 81.6 210.0 
1165.4 6x4x34| 16x % 165.8 81.6 135.0 
1173.6 6x6x3{| 14x % 186.2 71.4 210.0 
1229.0 6x6x5%| 16x% 168.2 95.2 210.0 
1237.4 6x6x 4% 16 x 3 186.2 81.6 210.0 
1318.4 6x6x%| 16x % 186.2 95.2 210.0 
132122, 6x4xkK| 16x% 180.2 95.2 135.0 
1404.7 6x6x% 16x % 03.8 95.2 210.0 
466.9 6x4x% 110.4 121.5 
512i 6x6x % 120.8 180.0 
567.4 6x4x% 126.0 121.5 
628.9 6x6x% 139.6 180.0 
664.9 6x4x% 141.2 121.5 
714.4 6x4x%| 14x % 110.4 35.7 HOM As 
741.3 6x6x% 158.0 180.0 
750.8 6x4x%| 16x % 110.4 40.8 121.5 
758.5 48x%% |6x4x 34 155.6 Hs) 
759.5 6x6x 3} 14x % 120.8 35.7 180.0 
795.9 6x6x%| 16x % 120.8 40.8 180.0 
797.0 6x4x % 14x% 110.4 47.6 121.5 
841.9 6x6x %| 14x 120.8 47.6 180.0 
848.3 6x4xkK 170.0 121.5 
850.1 6x6x 4% 176.0 186.0 
890.4 6x6x %| 16x% 120.8 54.4 180.0 
895.5 y| 14x% 126.0 47.6 121.5 


6x4x 
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RIVETED PLATE GIRDERS—Continued 


—= 


hed Jeight per Foot, ? 
fare Size in Inches We en, Meo 
Modulus, Hee 
Axis 1-1, Web Flange | Flange here Flange bes porn 
Inches? Plates Angles | Plates yes Plates Pounds 
924.3 6x6x%| 14x % 120.8 59.5 180.0 
944.0 6x4x\% 16x 4% 126.0 54.4 121.5 
955.2 6x6xkK 193.6 180.0 
955.8 6x6x%| 14x% 139.6 47.6 180.0 
977.7 6x4x| 14x% 126.0 59.5 1215 
1004.3 6x6x%4| 16x% 139.6 54.4 180.0 
1037.6 6x6x%| 14x % 139.6 59.5 180.0 
1072.7 6x4x%] 14x% 141.2 59.5 121.5 
1098.2 6x6x% 16x % 139.6 68.0 180.0 
1119.5 6x6x%| 14x% 139.6 71.4 180.0 
1133.3 6x4x%| 16x % 141.2 68.0 P2205 
1147.1 48x%% |6x6x| 14x % 158.0 59.5 180.0 
1154.4 6x4x%| 14x% 141.2 71.4 121.5 
1207.8 6x6x%|/ 16x % 158.0 68.0 180.0 
1228.4 6x6x%| 14x% 158.0 71.4 180.0 
1245.2 6x4x%| 14x % 155.6 71.4 U21e5 
1301.2 6x6x| 16x % 158.0 81.6 180.0 
1317.9 6x4x%| 16x % 155.6 81.6 121-5 
1334.0 6x6x%| 14x % 176.0 71.4 180.0 
1394.7 6x6x%| 16x% 158.0 95.2 180.0 
1406.7 6x6x34| 16x % 176.0 81.6 180.0 
1498.1 6x4xk| 16x% 170.0 95.2 121.5 
1499.7 6x6x%| 16x% 176.0 95.2 180.0 
1601.3 6x6x%| 16x% 193.6 95.2 180.0 
591.2 6x4x% 136.2 141.8 
652.7 Gx6x% 149.8 210.0 
688.7 6x4x % 151.4 141.8 
765.0 6x6x & 168.2 210.0 
782.3 6x4x 3% 165.8 141.8 
872.1 6x4xkK 180.2 141.8 
873.8 6x6x % 186.2 210.0 
918.8 6x4x%| 14x% 136.2 47.6 141.8 
967.3 48 x 7, 6x4x%4| 16x% 136.2 54.4 141.8 
979.0 SN Rs 203.8 210.0 
979.0 6x6x%| 14x 149.8 47.6 210.0 
1000.8 6x4x%| 14x% 136.2 59.5 141.8 
1027.6 6x6x%| 16x% 149.8 54.4 210.0 
1060.8 6x6x%| 14x% 149.8 59.5 210.0 
1095.8 6x4x%&| 14x %&% 151.4 59.5 141.8 
1121.4 6x6x%| 16x % 149.8 68.0 210.0 
1142.5 6x6x%|] 14x % 149.8 71.4 210.0 
1156.5 6x4x&] 16x % 141.8 


151.4 68.0 
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RIVETED PLATE GIRDERS—Continued 


< Weight per Foot, ; 
Section Size in Inches Pounds Maximum 
End 
Modulus, Reaction 
# in 
Axis 1-1, Web Flange Flange ire Flange Thousands 
Inches* Piates Angles Plates Flange Plates Pp of 
Angles ounds 
1170.3 6x6x% 14 x 54 168.2 59.5 210.0 
1177.4 6x4x % 14x % 151.4 71.4 141.8 
1230.9 6x6x % 16x &% 168.2 68.0 210.0 
12515 6x6x & 14 x 34 168.2 71.4 210.0 
1268.2 6x4x % 14 x 3% 165.8 714A 141.8 
1324.3 6x6x%| 16x % 168.2 81.6 210.0 
1341.0 48xVe |6x4x%%| 16x 34 165.8 81.6 141.8 
1357.0 6x6x3| 14x % 186.2 71.4 210.0 
1417.7 6x6x%| 16x% 168.2 95.2 210.0 
1429.8 6x6x %& 16 x 34 186.2 81.6 210.0 
1521.0 6x4x%| 16x% 180.2 95.2 141.8 
152200 6x6x | 16x % 186.2 95.2 210.0 
1624.2 6x6x%| 16x 203.8 95.2 210.0 
615.0 6x4x% 146.4 162.0 
676.4 6x6x% 160.0 240.0 
712.4 6x4x & 161.6 162.0 
788.8 6x6x% 178.4 240.0 
806.0 6x4x % 176.0 162.0 
895.8 6x4xk 190.4 162.0 
897.6 6x6x %& 196.4 240.0 
942.1 6x4x%| 14x% 146.4 47.6 162.0 
990.6 6x4x4| 16x% 146.4 54.4 162.0 
1002.3 6x6x%| 14x% 160.0 47.6 240.0 
1002.7 6x6xk 214.0 240.0 
1024.0 6x4xkh 14 x 54 146.4 59.5 162.0 
1050.8 6x6x%| 16x% 160.0 54.4 240.0 
1083.9 6x6x%) 14x % 160.0 59.5 240.0 
1119.0 6x4x%| 14x% 161.6 59.5 162.0 
1144.5 48x% |6x6xk| 16x% 160.0 68.0 240.0 
1165.6 6x6x%4| 14x % 160.0 71.4 240.0 
1179.6 6x4x%| 16x % 161.6 68.0 162.0 
1193.4 6x6x%| 14x % 178.4 59.5 240.0 
1200.5 6x4x % 14 x % 161.6 71.4 162.0 
1254.1 6x6x%| 16x & 178.4 68.0 240.0 
1274.5 6x6x % 14 x 3% 178.4 71.4 240.0 
1291.2 6x4x% 14 x 3% 176.0 71.4 162.0 
1347.3 6x6x5%| 16x % 178.4 81.6 240.0 
1364.0 6x4x%| 16x % 176.0 81.6 162.0 
1380.0 6x6x%4| 14x % 196.4 71.4 240.0 
1440.6 6x6x%| 16x % 178.4 95.2 240.0 
1452.3 6x6x % 16 x % 196.4 81.6 240.0 
1543.9 6x4x%| 16x % 190.4 95.2 162.0 
1545.6 6x6x % 16x % 196.4 95.2 240 0 
1647.1 6x6xK% 16x % 214.0 95.2 240.0 
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RIVETED PLATE GIRDERS—Concluded 


| 3 
| Size in Inches Rego Hae Maximum 
Section End 
Modulus, ] j ; Henson 
; Web Plate | 

Axis 1-1, Web Flange Flange and Flange Hise 

Tnches* Plates Angles Plates Flange | Plates Bands 

| Angles 
| 

6x6x %| $5 | 67.5 

6x6x ls 103.9 67.5 

24x %46 |6x6x 5%| 1223000) 67.5 

6x6x %| 140.3 | 67.5 

|6x 6x % 90.2 31.0 

“ 6x6xl4 109.0 : 

wee eS Gx 5 127.4 81.0 

6x6x %4 145.4 e810) 

6x6x % Si.2 | 78.8 

26 x 54g [6X OX % 106.0 78.8 

e Sage NG bi o6 124.4 78.8 

6x6x % 142.4 78.8 

6x6x & 92.8 94.5 

26 x 36 6x6xh% 111.6 94.5 

sats 6x6x & 130.0 94.5 

6x6x % 148.0 94.5 

6x6x % 98.3 110.3 

26 x Te 6x6x% 1 Bs Lergae | 110.3 

. 6x6x & 135.5. 110.3 

6x6x % 153.5 110.3 

6x6x % 88.3 78.8 

27 x De 6x6x% 107.1 78.8 

™8 16 x6x % 125.5 78.8 

6x6x % 143.5 78.8 

6x6x % 94.0 94.5 

27 x & 6x6x% 112.8 94.5 

6x6x & 131.2 94.5 

6x6x % 149.2 94.5 

Gx os 78 vo 110.3 

O7 xT 6x6x% 118. 110.3 

MOE MEG nate 137.0 110.3 

6x6x % 155.0 110.3 

6x6x %& 97.9 108.0 

30x 3% 6x6x ly 116.7 108.0 

¥ 6x6x & 135.1 108.0 

6x6 x % 153i 108.0 

6x e x 6 104.2 126.0 

Ox%.|S6x6x% 123.0 126.0 

BORG Ga 6 x oe 141.4 126.0 

6x6x % 159.4 126.0 

6x 6 x 34 110.6 144.0 

30x1 3 xXxOx 4% 129 144.0 

“a 6x 6x 147.8 144.0 

G6x6x % 165.8 144.0 
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COLUMNS AND STRUTS 


Compression members in structures are called posts, struts or 
columns. No exact theoretical formula has been found which will 
give the strength of such members under various conditions of 
loading. The formulas inf current use are based on the assumption 
that the members under stress may fail by direct compression, by 
compression and bending combined, or by bending alone. The 
empirical formulas based on these assumptions practically agree 
with results obtained by experiment on full size members. These 
experiments show that steel columns of ordinary sizes and lengths 
fail at nearly a constant stress which corresponds to the yield 
point of that material, and that the load which will cause a column 
to fail decreases in the ratio of its length to its least lateral 
dimension. 


Radius of Gyration. As the strength of a column depends on its 
ability to resist flexural stress, the moment of inertia of its cross 
section is an important factor in the determination of its carrying 
capacity. For the purpose of computation, however, it is much 
more convenient to use the radius of gyration which depends on 
the moment of inertia. 


Ratio of Slenderness. The ratio of slenderness is the unsupported 
length of a compression member divided by its radius of gyration, 
and the unsupported length of a column is determined by such 
points of support as will prevent deflection of the column in the 
direction which corresponds to the particular radius of gyration 
under consideration. Columns of unsymmetrical section have 
more than one radius of gyration. It is, therefore, necessary to 
determine the ratio of slenderness for the different radii of gyration 
of such columns and to use the proper ratio in any particular 
case. 

The unit stresses for different ratios of slenderness given in the 
construction specifications and on page 294 are consistent with 
present practice in column construction and their. use does not 
involve the refinements of the more complicated formulas, which 
refinements are often vitiated by uncertainties in the application 
of loads or other practical features. 


The construction specifications limit the maximum ratio of 
slenderness to 120 for main members under steady stresses. For 
secondary members under temporary stress, such as those used in 
wind bracing, higher ratios may be used, but in no case should the 
ratio exceed 200. 
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Form and Size of Section. Important as it may be to have the metal 
in the column section distributed as far as possible from the neutral 
axis, that is, with as large a radius of gyration as possible, considera- 
tions of ease in fabrication and simplicity in connections are of 
greater weight. The economical column section is not that which 


_ affords the least weight of metal in the shaft, but that which, with 


a reasonable radius of gyration, provides the least weight of member, 
shaft and details with the minimum amount of riveting. Modern 
practice, therefore, eliminates earlier forms of construction which 
represented the minimum amount of metal for the maximum 
radius of gyration, such, for example, as the column composed of 
three I-beams or one I-beam and two channels placed either with 
the flanges in or the flanges out. The Z-bar column has also fallen 
into disuse, likewise a number of patented sections and other sections 
shown in earlier editions of this publication. 

The most practical column is one the surfaces of which are 
readily accessible for painting and, therefore, it is desirable to use 
open angle and plate columns rather than closed channel and 
plate columns. 


The column sections should be of such size as to permit ready 
framing of beams and girders thereto and so placed in the construc- 
tion as to permit the simplest details. Experience indicates that 
eight inches is the smallest desirable dimension in ordinary building 
work. For struts and light loads, smaller angle columns are still 
in use, while the H-beams are excellent for such purposes. I-beams 
and single angles may be used with economy where the conditions 
of lengths and loading permit. 


Explanation of Tables. The tables which immediately follow give 
the safe loads in thousands of pounds on H-beam and I-beam 
columns and on a selected line of channel and angle columns which, 
in the light of experience, seem to be desirable for use in ordinary 
building and bridge construction. In addition to the safe loads, 
they give moments of inertia and radii of gyration about both 
axes of symmetry, areas of sections, and weights in pounds per foot 
without allowance for rivet heads or other details. 


These tables have been computed for the least radius of gyration 
in accordance with the formula given in the construction specifica- 
tions. The values may be adjusted to other formulas or to different 
values of the ratio of slenderness by use of the comparative table on 
page 294. This table is also suitable for use in figuring columns 
so braced against flexure, that their safe strength may be computed 
for the greater radius of gyration. 
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Combined Bending and Compression Stresses. It is assumed in the 
tables that the loads are direct and equally distributed over the 
cross section of the column or baianced on opposite sides thereof. 
In the case of beams carried on brackets or other forms of eccentric 
loading, bending stresses are produced which should be taken into 
consideration and the column sections so proportioned that the 
combined fiber stresses do not exceed the allowable axial compres- 
sive stresses. There is no direct simple solution of this problem; 
the following trial method is suited to the tables:— 


Let 

W =Direct load, in pounds. 

W:i=Eccentric load, in pounds. 

M =Bending moment due to eccentric load, in inch 
pounds = W,x 

I =—Moment of inertia of column in direction of 
bending. 

n =—Extreme fiber distance in direction of bending. 

A =Area of column section, in square inches. 

f =Allowable axial unit compression, in pounds 

per square inch; then f should be equal to or greater 


| than wi™ +e Ain the fiber stresses due to compression and 


bending respectively. 

Ruie:—Assume a section in excess of that required for the 
direct compression W + Wi and compute the combined fiber stress. 
If it works out too large or too small, try again. 

Exampue:—Required to select a plate and angle column 20 feet long to 
sustain a balanced load of 210,000 pounds and an eccentric load of 40,000 
pounds applied 15 inches from the column center on axis 1-1. 

Assume a section made up of 14/'x34’’ web plate, four angles 6’x4’’"x{e6" and 
two flange plates 14/’x%s’’, page BlSs 

A =32.47, I1-1=1351, Te-2g = 3.09, ratio of slenderness = 20x12 + 3.09=77. 

Allowable fiber stress, 19,000—100 l/r =11,300 pounds per square inch, 


page 294. 


40,000 x 15x 7.625 _ £ 
Actual fiber stress = 210,000 40.000 a xB =7,700+3,390= 


41,090 pounds per square inch. 
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COMPARISON OF COMPRESSION FORMULAS 


ALLOWABLE UNIT STRESSES IN POUNDS PER SQUARE INCH 


| 
i American A. R. B. Ass'n J York hiladelphia Gordon 
Ratio Bridge Co. Chicks New York Boston | Philadelp 
| 9. 
| See 6000-704 | r6000-7oL | 18000 _ se ees 
= Construction | r See ee tee SRNR 
| Specifications) 14000 max. | 16000 max. 20000 r2 11000 r2 36000 r2 
| 
i} 
0 13000 14000 16000 16000 16250 | 12500 
5 13000 14000 15650 15980 16215 12490 
10 13000 14000 15300 15920 16100 12460 
15 13000 14000 14950 15820 15925 12420 
20 13000 14000 14600 15690 15680 12365 
25 13000 14000 14250 15515 15375 12285 
30 13000 13900 13900 15310 15020 12195 
385 13000 13550 13550 15075 14620 12090 
40 13000 13200 13200 14815 14185 11970 
45 13000 12850 12850 14530 13725 11835 
50 13000 12500 12500 14220 13240 11690 
55 13000 12150 12150 13900 12745 11530 
60 13000 11800 11800 13560 12240 11365 
65 12500 11450 11450 13210 11740 11185 
70 12000 11100 11100 12850 11240 11000 
75 11500 10750 10750 12490 10750 108106 
80 11000 10400 10400 12120 10275 10615 
85 10500 10050 10050 11755 9810 10410 
90 10000 9700 9700 11390 9360 10205 
95 9500 9350 9350 11025 8930 9995 
100 9000 9000 9000 10670 8510 9785 
105 8500 8650 8650 10315 8115 9570 
110 8000 8300 8300 9970 7740 9355 
115 7500 7950 7950 9630 7380 9140 
120 7000 7600 7600 9300 7035 8930 
125 6750 7250 6715 8715 
130 6500 6900 6405 8510 
135 6250 6550 6115 8300 
140 6000 6200 5840 8095 
145 5750 5850 7890 
150 5500 5500 7690 
155 5250 7495 
160 5000 7305 
165 4750 7120 
170 4500 6935 
175 4250 6755 
180 4000 6580 
185 3750 6410 
190 3500 6240 
195 3250 7 6080 
200 gogo «| 5920 
Maximum Ratios or = 
Compression Formula aaa pond ay Compression Formula Main _|Secondary 


Members| Members 


American Bridge Company| 120 200 New York Building Law.| 120 120 
American R’y Engrg Ass'n.| 100 120 Boston Building Law....| 120 120 
Chicago Building Law...| 120 150 || Philadelphia Building Law} 140 | 140 
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COMPARATIVE DIAGRAM OF COMPRESSION FORMULAS 


Allowable Unit Stresses in Pounds per Square Inch 
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BEAM COLUMNS 


Sare Loaps In THOUSANDS or PouNnDs 


Allowable Fiber Stress per square inch, 13,000 pounds 


Weights do not include details. 


for lengths of 60 radii or under, reduced for lengths over 60 
radii; see Construction Specifications. 


Depth and Weight of Sections 


Effective H Beams I Beams 
Length ar ae z ; 7 : : 
in Feet || 8in. | Gin. | 5in. | 4 in. | 15in. | 12in.}10in.| 9 in. | 8 in. | 7 in. | 6 in. | 5 in. | 4in. 
34 | 23.8 | 18.7 | 13.6 42 | 3114 | 25 21 18 15 | 12% | 934 | 7% 
lbs. | lbs. | Ibs. | lbs Ibs. | lbs. | lbs. | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. | Ibs. 
2 1130.0) 91.0] 71.5 | 52.0 162.2,120.4 95.8 | 82.0 | 69.3 | 57.5 | 46.9 | 37.3 | 28.7 
3 130.0/ 91.0] 71.5 | 52.0 |162.2)120.4) 95.8 | 82.0 | 69.3] 57.5 | 46.9 | 37.3 | 28.5 
4 130.0} 91.0) 71.5 | 52.0 ||162.2'120.4 95.8 | 82.0 | 69.3 | 56.8 | 44.5 | 33.3 | 24.0 
5 |130.0/ 91.0} 71.5 | 50.7 ||162.2)120.4/ 94.4 | 77.8 | 63.2 | 50.0| 38.5 | 28.0) 19.5 
6 |/130.0) 91.0| 71.5 | 45.7 ||153.9/109.9) 85.3 | 69.4 | 55.6 | 43.2 | 32.5 | 22.7] 15.2 
7 ||130.0) 91.0] 66.0 | 40.6 ||140.1| 98.9] 76.2 | 61.0 | 48.0 | 36.4 | 26.5 | 18.8] 13.0 
8 130.0) 86.7 | 60.5 | 35.6 126.2 87.9) 67.1 | 52.6 | 40.4 | 30.3 | 22.9] 16.1] 10.8 
9 130.0) 80.9 | 55.0 | 30.5 ||112.3) 76.9] 58.0 | 44.2 | 35.0|26.9/19.9|13.5| 8.5 
10 {1125.8) 75.1 | 49.5 | 26.7|| 98.5} 65.9/50.2 | 40.0 | 31.2 | 23.5| 16.8] 10.8 
11 ||119.4] 69.3 | 44.0] 24.2|| 86.0) 59.9} 45.7 |35.8| 27.4/ 20.1] 13.8 
12 113.0) 63.5 | 38.5 | 21.7]| 79.0) 54.4) 41.1] 31.5 | 23.6] 16.7] 10.8 
13 106.6) 57.7|35.8| 19.2 || 72.1) 48.9|36.5 | 27.3] 19.8] 13.3 
14 100.2| 51.9|33.0/ 16.6] 65.2) 43.4/32.0]23.1/16.0 
1S 93.8) 47.6 | 30.3 | 14.1]| 58.2) 37.9) 27.4] 18.9 
16 87.3] 44.7 | 27.5 51.8) 32.4) 22.9 
ah 80.9] 41.8 | 24.8 44,4) 26.9 
18 74.5) 38.9 | 22.0 37.4 
19 69.0) 36.0 | 19.3 
20 65.8/ 33.1| 16.5 
21 62.6) 30.2 
22 59.4) 27.3 
23 56.2] 24.4 
24 53.0) 21.5 
25 49.8 
26 46.6 
27 43.4 
28 40.2 
29 37.0 
30 Bonn 
31 30.5 
2 = => 
Area, in.|| 10.00} 7.00 | 5.50 | 4.00 || 12.48] 9.26] 7.37| 6.31 | 5.33 | 4.42 | 3.61 2.87 | 2.21 
Ty-1, in.) 115.4] 45.1 | 23.8 | 10.7 || 441.8 | 215.8 |122.1| 84.9 | 56.9 | 36.2 21.8 | 12.1 | 6.0 
Ti-1,10. || 3.40] 2.54 | 2.08 | 1.63 |] 5.95] 4.83] 4.07] 3.67 | 3.27 | 2.86 | 2.46 | 2.05 | 1.64 
To-2,in.4] 35.1] 14.7 | 7.9 | 3.6 14.6) 285) 6:91.52 1318 127 4.9 |19 low 
T2-2, 1. |} 1.87] 1.45 | 1.20 | 0.95 || 1.08) 1.01] 0.97] 0.90 | 0.84 | 0.78 | 0.72 | 0.65 | 0.59 
Weight, 
De cer 34 | 23.8 | 18.7 | 13.6 || 42 | 3114] 25 21 18 15 | 12% | 934 | 7% 
00 


_ Safe load values above u 
lines are for ratios up to 120 


pper zigzag line are for ratios of l/r not over 60, those between the zigzag 
l/r and those below lower zigzag line are for ratios not over 200 I/r. 


ee 
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10 INCH CHANNEL COLUMNS 


Sarge Loaps InN THOUSANDS OF POUNDS 


3 
<1 Allowable Fiber Stress per square inch, 13,000 
S| ounds for lengths of 60 radii or under, reduced for 
] engths over 60 radii; see Construction Specifications. 
! Weights do not include rivet heads or other 
ye details. 

ee ee 

# 2-10 in, Chan. : ‘ 

e ated 2-10 in. Channels, 2-12 in. Plates 

| 

2 |Selgelgel tele eigald eldelde da selggldedgiggiégie 

oi) Sigs ae | a 12 ge 2 B/o 2/9 oo|'9 o oe 

ABE FeIEE EEE PEEP CEE REREE ESE SEEEE 

S IS Sis 333) S85|8o|85| sa | 85 | sa) 89) 8o1| 8A) Sa) eh | 85) Sa 

2 Oe|OeOalO ge gO gO gO g/O GC s|O gC gl gogo alla g 

g [se sels 3) 4 66/4 lacie elscls ssCls esis elscis ese 

& ledigzea jee es erase a*laXia* asa e7|a*|e> 

iit 116] 153! 191] 213] 233] 252| 272) 289 309) 328/ 348) 367) 386) 405) 424 443) 463 

12 116) 153] 191] 213] 233) 252| 272/289] 309/328) 348] 367| 386) 405) 424 443) 463 

13 116) 153/191] 213] 233) 252! 272! 289) 309/328) 348) 367) 386) 405) 424 443) 463 

14 116] 153] 191] 213) 233] 252/272) 289/309] 328) 348) 367] 386) 405) 424 443) 463 


ts. | 116] 153/191] 213| 233) 252) 272 289] 309 323) 348) 367| 386) 405) 424 443| 463 


16 | 116) 153] 191] 213/233] 252/272 289/309] 328] 348/367) 386 405) 424| 443) 463 

252] 272| 289] 309] 328) 348] 367| 386/403) 423/437) 457 
18 | 116/152) 186] 213[233) 252/271] 286] 305 324/343) 359] 378| 392| 411) 424) 444 
19 115/148! 181) 208) 227] 245| 264| 278] 297 315) 334/349) 367| 381] 399) 412/431 
30 || 112] 144| 176] 203] 221| 239 257 271/289) 307| 325| 339] 357/370 388] 400) 418 


21 | 109] 140] 171] 197| 215] 232) 250) 263) 280) 298) 316) 329 347/359] 376) 387| 405 
32, || 106] 136) 165] 192] 209/226] 243| 256/272] 289) 307/319 336] 348] 364] 375) 392 
33 || 103] 132) 160] 186] 203] 219| 236) 248) 264/281) 297/310 326] 337| 353] 362) 379 
34 | 100] 128) 155|| 181| 197] 213/229) 240) 256) 272) 288) 300 316) 326] 341] 350) 366 
25 98] 124] 150]] 175] 191| 206) 222| 233/248) 263] 279) 290) 305 314) 330] 338) 354 


26 95] 120] 145] 170] 185] 200] 215] 225] 240) 255] 270) 280) 295) 303 318] 325) 341 
27 93| 116] 140] 164] 179| 193] 208] 217/231) 246] 261) 270) 285 292} 306] 313) 328 
28 89] 112] 134] 159| 173/187| 201] 210)223) 237 252) 260) 274) 281 295] 301/315 
29 86] 108) 129]] 153] 167/180] 194/ 202/215] 229] 242) 251) 264 270} 283} 288] 302 
30 83] 104] 124] 148] 161/174) 187| 195) 207| 220} 233) 241) 253 259| 271] 276) 289 


31 80! 100! 119]] 142] 155] 167| 180] 187] 199] 211] 224) 231) 243 248] 260] 263) 276 
32 77| 96) 114] 137| 149] 161] 173| 179] 191/203) 215) 221) 233 237| 248] 251) 263 
33 75) 92] 109] 131] 143] 154| 166] 172/183) 194] 206) 211) 222 226] 237| 239) 250 
34 72) 88/103] 126] 137/148) 159] 164/174] 185) 196/201) 212 216] 227| 232) 243 
35 69) 84 uDt 120] 131] 141] 152) 157/166) 177 ti 194| 205] 211) 221) 226} 237 


‘Area, in.2|| 8.92] 11.76) 14,70|| 16.42 17,92) 19.42) 20,92] 22.26 23.76) 25.26 26.76 28.20 29.70) 31.14] 32.64) 34.08] 35.58 


Ty-1,in.4|| 134] 158) 482] 333] 376 420) 465) 444 489| 534} 581] 559| 606] 583] 630) 608) 655 
r1-1,in. || 3.87] 3.66) 3.52) 4.50) 4.58 4.65| 4.71) 4.46| 4.53] 4.60} 4.66) 4.45) 4.52) 4.33) 4.39 4.22) 4.29 
oo int) 123] 148) 171|| 243] 231] 249) 267, 274) 292] 310) 328 333} 351) 854] 372) 372) 390 
ry9,in, |) 3.72) 3.55] 3,41) 3.60 3.59 3.58) 3.58 3.54} 3.50) 3.50! 3.50] 3.44) 3.44) 3.37) 3.37 3,30) 3.31 
Weight, 
Lbs, per | 37,8) 47,8) 57,8) 55.5) 60.6 65,7) 70.8 75.7) 80.8) 85.9 94.0) 95.9) 101.0) 105.9) 111.0) 115.9) 124.0 


| Foot 


Safe load values above upper zigzag line are for ratios of I/r not over 60, those between the zigzag 
lines are for ratios up to 120 1/r, and those below lower zigzag line are for ratios not over 200 I/r. 
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a 10 INCH CHANNEL COLUMNS—Continued 


Sarge Loaps In THOUSANDS OF POUNDS 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 


details. 
3 2-10 in. Channels 9-10; 9-14; 
é Tarheed . 2-10 in. Channels, 2-14 in. Plates 
a 
‘3 ell eee es ceca MT sees Vicenza ld uses oon leg Dac r= ieee reel de 
eee ee ee EEE CEE EDEDELEL 
AY Ay AY) Say Ay Ay AY Ay | SA] Tg 
& Oe|OS|SOSSS egg S sO 2/55 /O s/o g/o 5/5 4/6, 
8 |SB Sa Sesh scse sq S245) S2 Se Se sgesise 
| 82/87/87 /22/ 9% Ss) a> gela™| gs/2>) 85/8") ang” 
11 || 116/153 | 191 | 229] 252 | 275 | 298 | 312 | 335 | 358 | 380/396|419| 441/464 
12/116] 153) 191 | 229] 252/275 | 298/312 | 335 | 358 | 380/396] 419| 441/464 
13 || 116] 153] 191 | 229 | 252 | 275| 298 | 312 | 335 | 358 | 380/396 | 419] 441 | 464 
14 |/116]153|191| 229] 252| 275/298 | 312 | 335 | 358 | 380/396| 419| 441 | 464 
15 || 116] 153] 191 | 229 || 252| 275 | 298| 312 | 335 | 358 | 380) 396] 419] 441| 464 
| | | 
16 |} 116] 153] 191 | 229 | 252/275 | 298 | 312 | 335 | 358 |380| 396] 419| 441 | 464 
17 || 116| 153]191| 229 || 252 | 275 | 298 | 312 | 335 | 358 | 380/396 | 419| 441 | 464 
18 |/116/153[189/224] 252] 275 | 298 | 312 | 335 | 358 | 380|396| 419 | 441| 464 
19 || 116| 150/ 184 | 218 | 252 | 275 | 298 | 312 | 335 | 358 | 380/396 | 419| 441) 464 
20 |[114) 146) 179| 211 | 252) 275| 298] 312 | 335 | 358 |380|396| 419| 441 | 464 
aes 
21 |) 111] 142) 174] 205 | 252 | 275 | 298/312 | 335 | 358 | 380/396 | 419| 441] 464 
22 || 109/139] 169/199] 251 | 273 | 295 | 308 | 330 | 352 | 374/388 | 410/432] 453 
23 || 106/135] 164| 193 || 246 | 267 | 289/302 | 323 | 344 |365/379|401| 422/443 
24 || 103/131] 159] 187 || 241 | 261 | 282 | 295 | 316 | 337 | 357/371 |392| 412| 433 
25 || 100) 127| 154/180 || 235 | 256 | 276 | 288 | 308 | 329 | 349/362 | 382) 403] 423 
26 98 | 123) 149] 174 || 230 | 250| 270 | 282 | 301 | 321 | 341/353 | 373| 393 | 412 
27 95| 119) 144) 168 |] 225 | 244 | 263 | 275 | 294 | 313 |332|345|364|383| 402 
28 92] 115) 139] 162] 219] 238 | 257 | 268 | 287 | 306 | 324/336] 355 | 373| 392 
29 || 89)112/134/ 156] 214| 232) 250/261 | 279 | 298 | 316/327 | 346| 364/382 
30 || 87/108) 129) 149 | 209 | 226 | 244 | 255 | 272 | 290 | 308/319 | 336 | 354/372 
31 84| 104] 124} 143 || 203 | 220] 238 | 248 | 265 | 282 | 299] 310| 327| 344| 361 
32 81| 100] 119} 137 || 198] 214] 231 | 241 | 258/275 |291|301|318| 335/351 
33 78] 96) 114/131] 193 | 209) 225 | 235 | 251 | 267 | 283|293|309| 325/341 
34 75| 92] 109/125 || 187] 203 | 219 | 228 | 243 | 259 |274| 284] 300| 315| 331 . 
35 73 eke 182 | 197 | 212 | 221 | 236 | 251 | 266/275 | 291 | 306| 320 
Area, in.2 8.92 | 11.76] 14.70] 17.64 19.42) 21.17] 22.99) 24.01] 25.76) 27.51] 29.26 30.45 32.201 33.951 35.70 
I1-1,in) 134) 158] 182] 207| 416| 468] 520| 491 | 544] 597 | 652| 622| 676| 732| 790 
Ty-1,iM | 3.87 | 3.66 | 3.52 | 3.42 || 4.63 | 4.70 | 4.76 | 4.52 | 4.59 | 4.66 | 4.72| 4.52 | 4.58 | 4.64| 4.70 
Ip-2,in.4) 197 | 241) 284) 323]) 369] 398] 426] 442 | 470] 499] 597) 541] 570| 598| 627 
r2-9)10, || 4.70 | 4.53 | 4.39 | 4.28 |] 4.36 | 4.33 | 4.31 | 4.29 | 4.97 | 4.26 | 4.94| 4.92 | 4.91] 4.90/ 4.19 
Weight, | 
Ube, per 39.3 | 49.4 | 59.4 69.4 | 65.7 71.7 | 77.6 | 81.7 | 87.6 | 93.6 | 99.5 | 103.6) 109.5) 115.5, 121.4 
00 


_ Safe load values above upper zigzag line are for ratios of | /r not over 60, those between the zigzag 
lines are for ratios up to 120 1/r, and those below lower zigzag line are for ratios not over 200 l/r. 
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10 INCH CHANNEL COLUMNS—Continued 


e---ls —---»> 
poss 
ua Sarge Loaps In THOUSANDS OF POUNDS 
a 1-814)----14 | 
S25 2 aha at an Allowable Fiber Stress per square inch, 13,000 
= pounds for lengths of 60 radii or under, reduced for 
jengths over 60 radii; see Construction Specifications. 
(ye Weights do not include rivet heads or other 
r 12 details. 
te ---] 4" ------ > 
a . 
2 2-10 in. Channels, 2-14 in. Plates 
A 
<q an oy AR a an a an wD iy ao ay > 
S 123) 82. 29) 25|\ 22) 2. | 22ers) ee | e8\ 
» | 28|22|25/28|22|22|23| 28) 25| 25) 28 | 28 
a Sova veer ee | ee) 8 | ee ee 2 eee | a 
Soa S a Og Ce oa) Se On Soe) Sa hOe | Os 
2 | 62| s4|628| 4e| 43/44/43 | 45 | 22/42/62] 49 
& | =|s" |s=|s" |S" |S" | 88/8 | BF) 8") a= | 3m 
11 480 | 502 | 525 | 548 571 | 593 | 609 | 632 | 654 | 677 | 700 | 723 
12 480 | 502 | 525 | 548 | 571 | 593 | 609 | 632 | 654 | 677 | 700 (23 
13 480 | 502 | 525 | 548 | 571 | 593 | 609 | 632 | 654 | 677 | 700 723 
14 480 | 502 | 525 | 548 | 571 | 593 | 609 | 632 | 654 | 677 700 | 723 
15 480 | 502 | 525 | 548 | 571 | 593 | 609 | 632 | 654 | 677 | 700 | 723 
16 | 480 | 502 525 | 548 | 571 | 593 | 609 | 632 | 654 | 677 | 700 | 723 
17. || 480 | 502 | 525 | 548 | 571 | 593 | 609 | 632 | 654 677 | 700 | 723 
18 480 | 502 | 525 | 548 | 571 | 593 | 609 | 632 | 654 | 677 | 700 | 723 
19 480 | 502 | 525 | 548 | 571 | 593 | 609 | 632 | 654 | 677 | 700 | 723 
20 480 | 502 | 525 | 548 | 571 593 | 609 | 632 | 654 | 677 | 700 | 723 
21 477 | 500 | 522 | 544 | 567 | 589 | 602 | 624 | 647 | 669 691 | 714 
22 467 | 488 | 510 | 532 | 554 | 575 | 588 | 610 | 632 | 654 | 675 697 
2a) 456 | 477 | 499 | 520 | 541 | 562 | 575 | 596 617 | 639 | 660 | 681 
24 446 | 466 | 487 | 508 | 529 | 549 | 561 | 582 | 603 624 | 644 | 665 
25 435 | 455 | 475 | 495 | 516 | 536 | 547 | 568 588 | 608 | 628 | 648 
26 424 | 444 | 464 | 483 | 503 | 522 | 533 | 553 | 573 593 | 612 | 632 
27 A14 | 432 | 452 | 471 | 490 | 509 | 520 | 539 | 559 578 | 596 | 616 
28 403 | 421 | 440 | 459 | 478 | 496 | 506 525 | 544 | 563 | 581 | 599 
29 392 | 410 | 429 | 446 | 465 | 483 | 492 511 | 529 | 547 | 565 | 583 
30 382 | 399 | 417 | 434 | 452 | 469 | 479 496 | 514 | 532 | 549 | 567 
31 371 | 388 | 405 | 422 | 440 | 456 | 465 482 | 500 | 517 | 533 | 550 
32 || 360 | 377 | 394 | 410 | 427 443 | 451 | 468 | 485 | 502 | 517 | 534 
By) 350 | 365 | 382 | 398 | 414 | 430 | 437 | 454 | 470 | 487 | 502 | 518 
3 339 | 354 | 37 385 | 401 | 416 | 424 | 440 | 455 | 471 | 486 502 
35 328 | 343 | 359 | 373 | 389 | 403 | 410 425 | 441 | 456 | 470 | 485 
hrea,in.2|| 36.89 | 38.64 | 40.39 | 42.14 | 43.80 | 45.64 | 46.83 | 48.58 | 50.33 | 52.08 | 53.83 | 55.58 
Ty-1,in4), 757 814 873 932 994 | 1056 | 1018} 1080 | 1144} 1209 | 1275 1343 
ri-1, in, 4.53 | 4.59| 4.65) 4.70 | 4.76 4.81 | 4.66] 4.72] 4.77 | 4.82) 4.87 4.92 
Ip-9,in.4|| 637 666 695 723 752 780 | 788 816 845 874 902 931 
rg_2, in, 416| 4.15 | 4.15) 4.14 | 414 4.13] 4.10) 4.10] 410] 410) 4.09 4.09 
Weight, ed 
Lbs. per | 125.5 | 131.4 | 137.4 | 143.3 | 149.3 | 155.2 | 159.3 | 165.2 | 171.2 | 177.1 | 183.1 | 189.0 
Foot 
Safe load values above heavy line are for ratios of l/r not over 60, those below heavy line are 
for ratios not over 120 1/r. 


————— 
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CARNEGIE STEEL COMPANY 


12 INCH CHANNEL COLUMNS—Continued 


Sarge Loaps In THOUSANDS OF POUNDS 


Jr ea | 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 
details. 


” 


st, 


3 2-12 in. Channel - : 
3 2-12 in. C s 2-12 in. Channels, 2-14 in. Plates 
& Latticed 
a 
a5} > ae er a a a | a = im = = 
a 3 a a a 3 ical a s te 2 2n| @ 423 
% aeiee(/e8S\|s8$]e2\/e3!/82\/488|/s8 eg\ssz\sg|es 
=| Ebet 8S | 8s/ 85 8S) 8s5/ se) 65| se 5 | Som | es 3 
co) SR Ae se sel ss] sS/s8|/s8| a8 Ba|de|as)] ga 
ra Asi25/89|451/551564(65/64/6h ala .|anla. 
aa $e hl ole seis ie ier Cea naa Rem hie Ge omlom |S 
x) © 2 Sa Nieee al esuett lies - 3 d a al?.a 
at Sep s"eh | esten'| cen | SS | ee | 2-8 | ee |e =I eta = Oe caa 
B | 812.5 2.3 |= 8 | Sel SS] Se] Ss| Qe fo/23\85|28 
|| Sea eis | Sia | gia | SPSS | S| BS) SS | eS | es [et |e | ee 
g i=) a oO oO —) =) —) = | 
aQ \aQ a a AQ AQ | 


H 
on 
b 
Oo 
NX 
oa 
Ne} 
e 
bo 
bo 
© 

w) 
(or) 
10/9) 
bo 
Ke) 
Ww 
ivy) 
B 
for) 
Ww 
Ge 
© 
w 
for) 
i) 
w 
wn 
ns 
(ve) 
© 
lor) 

Sy 
= 

Ko) 

He 

i 

od 

a 

op) 

vs 

» 

v2) 

Al 


21 157 | 191 | 229 [265 | 293 | 316 | 339 | 362 | 384 | 396 [418 | 440 | 463 | 485 
22 157 | 190 | 225 | 259 || 290 | 312 | 334 | 355 | 377 | 387 | 409 | 431 | 453 | 474 
23 155 | 186 | 220 253 | 283 | 305 | 326 | 347 | 369 | 378] 400 | 421 | 443 | 464 
24 152 | 182 | 215 | 248 || 277 | 298 | 319 | 339 | 360 | 370| 390 | 411 | 432 | 453 
25 149 | 178 | 210| 242 || 271 | 291 | 312 | 332 | 352 | 361 | 381 | 401 | 422 | 442 


26 146 | 174 | 205 | 236 || 265 | 284 | 304 | 324 | 344 | 352 | 372 | 392 | 412 | 431 
27 142/170] 200/ 230 || 258 | 277 | 297 | 316 | 335 | 344 | 363 | 382 | 402 | 421 
28 139 | 166 | 195 | 224 || 252 | 271 | 290] 308 | 327 | 335| 354 | 372 | 391 | 410 
29 136 | 162 | 190) 218 || 246 | 264 | 282 | 300 | 318 | 326 | 344 | 362 | 381 | 399 
30 133 | 158 | 185 | 212 || 239 | 257 | 275 | 292 | 310 | 318 | 335 | 353 | 371 | 388 
31 129 | 154 | 180] 206 || 233 | 250 | 268 | 284 | 302 | 309 | 326 | 343 | 361 | 377 
32 126 | 150) 175 | 200 || 227 | 243 | 260] 277 | 293 | 300| 317 | 333 | 350 | 367 
33 123 | 146 | 170] 194 || 220 | 236 | 253 | 269 | 285 | 291 | 307 | 323 | 340 | 356 
= 120} 142 | 165} 188 || 214 | 230 | 246 | 261 | 277 | 283 | 298 | 314 | 330 | 345 
35 bly 


Area, in.? 12.06] 14.70 17.64 20.58) 22.56) 24.31) 26.06] 27.81] 29.56] 30.45] 32.20) 33.95| 35.70] 37.45 


14-1, int 256 | 288 | 323 | 359 | 658 | 730 | 803 | 878 | 954 | 910 | 986 | 1063 |1142 1223 
Ti-1,10. || 4.61 | 4.43 | 4.28 | 4.17 | 5.40 | 5.48 | 5.55 | 5.62 | 5.68 | 5.47 | 5.53 | 5.60 5.66 | 5.71 
Ty-2, int || 244 | 279 | 316 | 351 | 415 | 444 | 473 | 501 | 530 537 | 565 | 594] 622 | 651 
ro-9,im. |] 4.50 | 4.36 | 4.23 | 4.13 | 4.29 | 4.27 | 4.26 | 4.24 | 4.23 | 4.90 4.19 | 4.18 | 4.18 | 4.17 
Weight, 
ae oS 50.4, 59.4) 69.4) 79.4) 76.7) 82.7| 88.6] 94.6] 100.5) 103.6] 109.5! 115.5) 121.4] 197.4 

00 

_ Safe load values above zi 
ratios not over 120 1/r. 


gzag line are for ratios of l/r not over 60, those below zigzag line are for 
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COLUMNS 


12 INCH CHANNEL COLUMNS—Continued 


Sarge Loaps In THOUSANDS OF PoUNDS 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 
details. 


42 

o 

o 5 i 4 

es 2-12 in. Channels, 2-14 in. Plates 

=| 

is 

aq iy am| a an] a Bm] a aon) wo aom| a a > a 2 

= lseglesiee eslealsslsn/sslagis8i os c8ls3/s8izg 

SESE Sees EES EEE ER ESE ESESEE 

ne S| 8a| sS| su|ss|] au|ss| sh| sS| sh] & aai|& ah| 3a 
ref eye freee | AS sical SS eeeyraet | ers walla lls) ay stint esa asp! | ee |e ios 

oe) coal 5 ©| 3° 5 |S: | oe =| $0] S'o] 6 ol 6] Sol aa 5 ree 

3 pd a Se Bod ape oo eS as nes Rel =e 2S ea el AS 

te S Seats) oes 19 15>] 2.0 19 | 1p 19 Fags | re Zire |e hea 

| on) an) oD on) oO oO of oO Goan Gam! |lces Gola Gc) fae ion) 


35 | 341/357(371 | 386] 402| 408/423 | 438| 453 | 467 | 482 | 498] 513 | 528 | 543 


Area, in.2 |] 38.64] 40.39] 42.14 43.89] 45.64) 46.83) 48.58] 50.33] 52.08| 53.83) 55.58] 57.33 59.08] 60.83) 62.58 


14-1, in4 || 1174] 1258} 1340) 1424) 1509) 1459) 1544) 1630 1719] 1808] 1899] 1992] 2087] 2183) 2280 
r1-1,in. || 5.52| 5.58) 5.64) 5.70) 5.75] 5.58) 5.64) 5.69) 5.74) 5.80 5.85] 5.89] 5.94) 5.99) 6.04 
Io-2,in4|| 659) 688! 717) 745| 774) 779) 808] 837) 865) 894 922} 951} 980} 1008] 1037 
ro-9,in, || 4.13] 4.13] 4.12) 4.12) 4.12) 4.08) 4.08) 4.08) 4.08) 4.07 4.07| 4.07) 4.07| 4.07) 4.07 


Weight 
Lbs. per 131.4) 137.4] 143.3] 149.3) 155.2) 159.3] 165.2) 171.2] 177.1) 183.1) 189.0] 195.0) 200.9) 206.9) 212.8; 
Foot 
Safe load values above heavy line are for ratios of l/r not over 60, those below heavy line are 

for ratios not over 120 1/r. 
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CARNEGIE STEEL COMPANY 


12 INCH CHANNEL COLUMNS—Continued 
Sarge Loaps In THOUSANDS OF POUNDS 


Allowable ‘Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 
details. 


é 2-12 in. Channels, 2-16 in. Plates 

qa 

3 42 | a Bi ee es ee Vee Vea cerry Sy 
a) eo o os oo os eg os cy og oe 
S Nee) Be.) oe lee | a eet ee) ee ees Wl eee 
H 3 Ay as ay SA, am sh, Ay Spy ey Sky 
es =r Ay 22/5 ies te, sar =) % “a <3/ a 
£ Og oF O4g Og Os Og Os Og Og Og 
3 go) 25 | Se ee | SS | ey | SS] Sx ies ex 
ie (ere i=) (= p5h ow oy on 1 SF fred) 19 1D 4 
& oD oD oO oD oO of oD ise} oD oD 

| | 

it 619 645 671 697 749 762 788 814 840 
12 619 645 671 697 749 | 762 788 | 814 840 
13 619 645 671 697 749 762 788 814 840 
14 619 645 671 697 749 | 762 | 788 | 814 840 
15 619 645 671 697 749 762 | 788 814 840 
16 619 645 671 697 723 749 762 788 814 840 
VG 619 645 671 697 | 723 749 762 788 814 840 
18 619 645 671 697 723 749 762 788 814 840 
19 619 645 671 697 723 749 762 788 814 840 
20 619 645 671 697 723 749 762 788 814 840 
21 619 645 671 697 723 749 762 788 814 840 
22 619 645 671 697 723 749 762 788 814 840 
23 619 645 671 697 723 749 762 788 814 840 
24 619 645 671 697 723 | 749 762 [ 787 813 838 
25 610 635 660 686 call 736 747 772 797 822 


Area, in.2|| 47.64 | 49.64 | 51.64 | 53.64 | 55.64 | 57.64 | 58.58 | 60.58 | 62.58 | 64.58 


Ty-1, in4]) 1581 1678 1777 1878 1980 2084 2015 2119 2225 2333 

Ty-1, in, 5.76 | 5.81 5.87 5.92 | 5.97 6.01 5.87 5.91 5.96 6.01 

Ig-9,in.4]) 1121 1164 1206 1249 1292 1334 1349 1392 1434 1477 

T9-2, In, 4.85 | 4.84 4.83 | 4.83 | 4.82 4.81 4.80 4.79 | 4.79 4.78 
Weight, 
ae 162.0 | 168.8 | 175.6 | 182.4 | 189.2 | 196.0 | 199.2 | 206.0 | 212.8 | 219.6 
00 


_ Safe load values above zigzag line are for ratios of 1/r not over 60, those below zigzag line are for 
ratios not over 120 l/r. 
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Sare Loaps IN THOUSANDS OF POUNDS 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 
details. 


2 2-12 in. Channels, 2-16 in. Plates 
qa 
a | ee | 2. | ee! =, |oee |ae | we) 2. |) ey | se 
eo ee a Bee Se Ge ee ee | ee 
ihe ol tom) Org 4 Oe em |) Om iO a Oia! Oe 
S| a2| ge | 22) de | 68) ey | sf] ae | 42] 428 
# | s8|s°|28| 8") 22 | 2" | s2 | e= | = | 3° 
ital 866 892 918 944 970 996 1022 | 1048 | 1074 | 1100 
12 866 892 918 944 $70 996 1022 | 1048 | 1074 | 1100 
1S} 866 892 918 944 970 996 1022 | 1048 | 1074 | 1100 
14 866 892 918 944 970 996 1022 | 1048 | 1074 | 1100 
15 866 892 918 944 970 996 1022 | 1048 | 1074 | 1100 
16 866 892 918 944 970 996 1022 | 1048 | 1074 | 1100 
iA 866 892 918 944 970 996 1022 | 1048 | 1074 | 1100 
18 866 892 918 944 970 996 1022 | 1048 | 1074 | 1100 
i9 866 892 O18 944 970 996 1022 | 1048 | 1074 | 1100 
20 866 892 918 944 970 996 1022 | 1048 | 1074 | 1100 
21 866 892 918 944 970 996 1022 | 1048 | 1074 | 1100 
22 866 892 918 944 970 996 1022 | 1048 | 1074 | 1100 
23 866 892 918 944 970 996 1022 | 1048 | 1074 | 1100 
24 864 889 915 940 966 992 1017 | 1042 | 1068 | 10938 
25 847 872 897 922 947 972 997 | 1022 | 1047 | 1072 
26 830 854 879 903 928 953 977 | 1002 | 1027 | 1050 
Drie 814 837 862 885 909 934 957 981 1006 | 1029 
28 797 820 844 867 891 914 937 961 985 | 1007 
29 780 803 826 848 872 895 O17 941 964 986 
30 764 785 808 830 853 876 897 920 943 965 
ol TAT 768 791 812 834 857 878 900 922 943 
32 730 eels Ge 794 815 837 858 880 901 922 
33 713 734 Goo) aD 797 818 838 859 881 900 
34 697 716 ode WED 178 799 818 839 860 879 
55) 680 699 720 739 759 779 798 819 839 858 
Area, in.2|| 66.58 f 68.58 70.58 72.58 74.58 76.58 78.58 80.58 82.58 84.58 
Ty-1, m4 2443 2555 2668 2783 2901 3020 3141 3264 3389 3516 
ry-1, i. 6.06 6.10 6.15 6.19 6.24 6.28 6.32 6.36 6.41 6.45 
Ip-9, in.4|| 1520 1562 1605 1648 1690 1733 1776 1818 1861 1904 
r9-2, in, 4.78 4.77 4.77 4.76 4.76 4.76 4.75 4.75 4.75 4.74 
Weight, 
Lbs, per || 226.4 233.2 240.0 246.8 253.6 260.4 267.2 274.0 280.8 287.6 
Foot 


Safe load values above heavy line are for ratios of l/r not over 60, those below heavy line are for 
ratios not over 120 1/r. : 
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CARNEGIE STEEL COMPANY 


15 INCH CHANNEL COLUMNS—Continued 


Sarge Loaps In THOUSANDS Of PoUNDS 


hi Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
engths over 60 radii;see Construction Specifications. 


Weights do not include rivet heads or other 
details. 


3 || 945; 
ey ota 2-15 in. Channels, 2-16 in. Plates 
eI | 
4 |4o|#e|4e\4el9,|5e\Sel5elftoltol\23ltelfsl4 
B® |22\22|/25/22 22/22 22 G2 B2\S2/ 85/28) 2/22 
§ |83|88| 28/98/25) 35/88) 88) 83) 88 | aa | ss| ae | es 
4 a8|25|/25|25 | 84 | 8a | 3a | 8a | 8a | 80) 387) 8a) 84) Sa 
S Ieee |e Se | al Sale ae | Sa a tee a eile 
8 (Se Se SF (SF | sels else) 2 2| Sey lSelsyiee vo 
v Ft A laae oN St] oa | co St] a ON | ap I} a wes | a 
BS | 87 1 SF SF BOBS | SB | se) 68 }S | e8 | es | BR | a8 
11 | 257 | 268 | 306 | 344 | 413 | 439 | 465 | 491 | 517 | 528 | 554 | 580 | 606 | 632 
12 | 257 | 268 | 306 | 344 | 413 | 439 | 465 | 491 | 517 | 528 | 554 | 580) 606 | 632 
13 | 257| 268] 306 | 344 | 413 | 439 | 465 | 491 | 517 | 528 | 554 | 580| 606 | 632 
14 | 257| 268 | 306 | 344 | 413 | 439 | 465 | 491 | 517 | 528 | 554 | 580| 606 | 632 
15 || 257 | 268 | 306 | 344 | 413 | 439 | 465| 491 | 517 | 528) 554 | 580) 606 | 632 
16 | 257 | 268] 306 | 344 | 413 | 439 | 465 | 491 | 517 | 528 | 554 | 580| 606 | 632 
17 | 257 | 268| 306 | 344 | 413 | 439 465 | 491 | 517 | 528 | 554 | 580] 606 | 632 
18 | 257 | 268] 306 | 344 | 413 | 439| 465 | 491 | 517 | 528 | 554 | 580| 606 | 632 
19 257 | 268 | 306 | 344 || 413 | 439 | 465 | 491 | 517 | 528 | 554 | 580! 606 | 632 
20 | 257 | 268 | 306] 344 | 413 | 439 | 465 | 491 | 517 | 528 | 554 | 580 | 606 | 632 


21 257 | 268 | 306 | 344 || 413 | 439 | 465 | 491| 5 
22 257 | 268 | 306 | 344 | 413 | 439) 465 | 491 


24 | 257| 268 | 306/343 | 413 | 439 | 465| 491 | 517/527 | 552 | 578 | 604 | 629 


wo 
o 
to 
30D 
we 
bo 
» 
a 


Area, in.? 19,80! 20.58) 23.52| 26.48) 31.80| 33.80) 35.80] 37.80, 39.80] 40.58) 42.58) 44.58] 46.58) 48.58 


11-1, int | 625 | 640 | 695 | 750 || 1334 |1459 | 1586 | 1715 |1847 |1861 |1994 | 2129 | 2967 | 2406 

ry-1, in. | 5.62 | 5.58 | 5.43 | 5.32 || 6.48 | 6.57 | 6.66 | 6.74 | 6.81 | 6.77 | 6.84 | 6.91 | 6.98 | 7.04 

Ip-a, in | 491 | 504 | 552 | 597 | 747| 789 | 832 | 875 | 917 | 930 | 973 11016. 1058 |1101 

ro-2, in. || 4.98 | 4.95 | 4.84 | 4.75 || 4.85 | 4.83 | 4.82 | 4.81 | 4.80 4.79 | 4.78 | 4.77 | 4.77 | 4.76 

Weight, | 

is ns 80.2 | 84.2 | 92.1 | 102.2 1088 113.6 120.4 Lr 134.0) 138.0] 144.8] 151.6) 158.4] 165.2 
00 


Safe load values above 2: zigzag line are for ratios of |/r not over 60, those below zigzag line are for 
ratios not over 120 I/r. 


ee 
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COLUMNS 


15 INCH CHANNEL COLUMNS—Continued 


Sarge Loaps IN THOUSANDS OF POUNDS 


Allowable Fiber Stress per square inch, 13,000 
pounds for lengths of 60 radii or under, reduced for 
lengths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 
details. 


2 2-15 in. Channels, 2-16 in. Plates 

a 

‘4 On| wo an| 2 a no a Bi oy > > of GF 
¢ | g8| 28/25/22 85|22|88/28/23|22|82|85|3| as 
|B) Ba | Be | Ba] Be) Be) | Be) S| Sa] Be | Be) BA | Bn 
£ [Ss Sg Sg Sh /Sg/Og/Og/O 4 Sg/Og/Og/O4/O8 Sg 
= |se|sa|Sels2 iss) Se\4e|Se|se/4ules|selesi sa 
B lstis’ (ee |e |g2 |e" | 92 (29> S=/2"/S= |) 2" (85/95 
al 6441 670] 696 | 722 | 748 | 774 | 786 | 812 | 838 | 864 | 890 | 916 | 942 | 968 
12 6441 670] 696 | 722 | 748 | 774 | 786 | 812 | 838 | 864 | 890 | 916 | 942 | 968 
13 644.1 670 | 696 | 722 | 748 | 774 | 786 | 812 | 838 | 864 | 890 | 916 | 942 | 968 
14 644.| 670] 696 | 722 | 748 | 774| 786 | 812 | 838 | 864 | 890 | 916 | 942 | $68 
15) 644 | 670) 696 | 722 | 748 | 774 | 786 | 812 | 838 | 864 | 890 | 916 | 942 | 968 
16 644 | 670 | 696 | 722 | 748 | 774 | 786 | 812 | 838 | 864 | $90 | 916 | 942 | 968 
a7 644 | 670] 696 | 722 | 748 | 774 | 786 | 812 | 838 | 864 | 890 | 916 | 942 | 968 
18 644 | 670| 696 | 722 | 748 | 774 | 786 | 812 | 838 | 864 | 890 | 916 | 942 | 968 
19 644 | 670} 696 | 722| 748 | 774 | 786 | 812 | 838 | 864 | 890 | 916 | 942 | 968 
20 644 | 670 | 696 | 722 | 748 | 774 | 786 | 812 | 838 | 864 | 890 | 916 | 942 968 
21 644 | 670] 696 | 722 | 748 | 774 | 786 | 812 | 838 | 864 | 890 | $16 942 | 968 
22 644 | 670 | 696 | 722 | 748 | 774 | 786 | 812 | 838 | 864 890] 916 | 942 | 968 
23 644 | 670 | 696 722 | 748 | 774 |_786 | 812 838 | 864 | 890 | 916 | 942 | 968. 
24 639 | 665 | 690 | 715 | 741 | 767 | 777 | 802 | 827 | 853 | 879 | 904 | 930 956 
25 627 | 651 | 677 | 701 | 727 | 752 | 761 | 786 | 811 | 836) 861 886 | 912 | 937 


26 614 | 638 | 663 | 687 | '712 | 737 | 746 | 770 | 794 | 819 | 844 | 868 | 893 | 918 
27 602 | 625 | 649 | 673 | 697 | 721.) 730 | 754 | 778 | 802 | 826 | 850 | 874 | 898 
28 589 | 612 | 636 | 659 | 683 | 706 | 715 | 738 | 761 | 785 | 808 | 832 | 856 | 879 
29 577 | 599 | 622| 645 | 668 | 691 | 699 | 722 | 745 | 768 | 791 | 814 | 837 | 860 
30 564. | 586 | 609 | 631 | 653 | 676 | 684. | 705 | 728 | 751 | 773 | 796 | 818 | 841 


31 551|573| 595 | 616 | 639 | 661 | 668 | 689 | 711 | 734 | 756 | 778 | 800 822 
32 539 | 560| 581 | 602 | 624 | 646 | 653 | 673 | 695 | 716 | 738 | 760 | 781 8038 
33 526 | 547 | 568 | 588 | 609 | 630 | 637 | 657 | 678 | 699 | 720 | 741 763 | 784 
34 514 534| 554| 574| 595 | 615 | 622 | 641 | 662 | 682 | 703 723 | 744 | 764 
35 501 | 520] 541 | 560| 580 | 600 | 606 | 625 | 645 | 665 | 685 705 | 725 | 745 


Area, 1n2 || 49.52) 51.52) 53.52) 55.52) 57.52) 59.52 60.48] 62.48) 64.48) 66.48] 68.48) 70.48) 72.48) 74.48 


Ty-1, in|) 2322) 2461} 2602) 2746] 2891) 3039 2946] 3094] 3244) 3396] 3550] 3707} 38865) 4026 
Ty-1, in. 6.851 6.911 6.97| 7.03] 7.09] 7.15} 6.98} 7.04) 7.09) 7.15) 7.20 7.25) 7.30) 7.35 
Io, in4 |] 1106] 1149) 1192) 1234) 1277 1320] 1322] 1365) 1408) 1450) 1493) 1536) 1578) 1621 
r9-2, in. 4.73| 4.72| 4.72] 4.71] 4.71] 4.71] 4.68} 4.67| 4.67) 4.67)_ 4.67 4.67) 4.67] 4.67 


Weight, 

Lbs. per 168.4! 175.2] 182.0} 188.8) 195.6) 202.4 205.6] 212.4) 219.2) 226.0) 232.8) 239.6] 246.4] 253.2 
Foot joe 

Safe load values above heavy line are for ratios of I/r not over 60, those below heavy line are 

for ratios not over 120 1/r. 


CARNEGIE STEEL COMPANY 


15 INCH CHANNEL COLUMNS—Continued 


Sarge Loaps IN THOUSANDS OF POUNDS 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
Tense over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 


—— 


details. 

Jeeps eee 

ee . 

2 2-15 in. Channels, 2-18 in. Plates 

i=! 

a le (ae fe |e le le |eele legle (eale |aale lealles 
= oanlo Bia [eo S\e 3\o 2|o8\o 2 OLSISCLZIGS\oBZ\SLicGaloSioo 
B (23|23|25\i5/25|25/88|25/22/25/28/25|25/ 25/25/23 
ia Sa" | $ai| Sa | $a\| Sa | Sa | 84 | sa) S| Sa) sh] sa) S| SS) sa) aay 

AR | 5 AMSA ae) SA la |e |e | +) |) 
BE WO gO sg] 8/F 6/9 g/O8/Oo g/O8/9 g/O8/0 lO R/O JO R/O g 
= Self elSelsesclsel4 slsylseiselseisclseils5is alae 
5 is BoE peace 8° |e. |3" 3° 18H BSF IS |Sa |S |Saign 
| | 
ital 433] 462) 491) 521| 550) 560! 589} 619] 648) 677| 686 715| 745) 774) 803| 832 
12 || 433) 462) 491) 521) 550) 560) 589] 619) 648) 677) 686) 715) 745) 774| 803| 832 
13 433) 462) 491) 521| 550/ 560) 589| 619) 648) 677| 686] 715] 745] 774| 803] 832 
14 433) 462) 491) 521) 550] 560) 589) 619) 648! 677] 686] 715] 745] 774] 803) 832 
15 433} 462) 491) 521] 550! 560) 589} 619] 648] 677| 686] 715) 745] 774] 803) 832 
16 433/ 462) 491) 521) 550| 560) 589| 619! 648) 677| 686) 715) 745| 774| 803] 832 
17_—‘|| 433) 462) 491) 521) 550! 560) 589} 619] 648) 677] 686| 715] 745] 774| 803] 832 
18 433) 462} 491) 521) 550) 560| 589/ 619) 648] 677| 686| 715| 745) 774] 803] 832 
19 |] 433) 462) 491) 521! 550| 560) 589} 619} 648) 677| 686| 715] 745] 774] 803] 832 
20 433) 462) 491) 521) 550) 560) 589} 619] 648) 677) 686) 715| 745| 774] 803| 832 
| 

21 433) 462) 491) 521) 550| 560) 589) 619) 648) 677) 686) 715) 745) 774) 803) 832 
22 433) 462) 491) 521) 550!) 560) 589) 619) 648) 677) 686) 715! 745) 774) 803) 832 
23 433) 462) 491 521) 550) 560) 589) 619) 648) 677| 686] 715] 745] 774] 803] 832 
24 433) 462) 491) 521) 550) 560| 589] 619 648] 677] 686] 715| 745] 774] 803} 832 
25 433) 462) 491) 521) 550) 560) 589 619); 648] 677) 686] 715| 745] 774| 803) 832 
26 433) 462) 491) 521| 550) 560) 589] 619] 648] 677| 686] 715| 745] 774] 803] 832 
27 433) 462) 491) 521| 550| 560) 589] 619 648) 677| 686) 715] 745| 774] 803] 832 
28 || 483) 462) 491) 520) 549) 558) 586] 615| 643] 671] 680] 708) 736] 7641 793) S21 
29 || 428| 456) 484) 512) 539| 549) 577| 605) 632) 660| 668) 696] 723] 751) 779| 807 
30 421) 449) 476) 503) 530) 540) 567| 594! 621) 649] 657) 684| 711] 738] 766) 793 
31 414] 441} 468] 494 521) 530) 557| 584) 610) 637) 645] 672) 698) 725) 752! 779 
32 407| 433) 459) 486) 512) 521| 547) 574| 599) 626) 634] 660] 685] 712) 738) 764 
33 400) 426) 451) 477| 503) 512] 537) 563) 589] 615| 622] 648! 673! 698] 725] 750 
34 393] 418) 443] 469) 494) 502) 527| 553) 578] 603| 610] 636] 660) 685) 711] 736 
35 386) 411) 435) 460) 485) 493] 518) 543) 567) 592) 599) 624! 648] 672) 698) 722 


Area, in.2||33.30135.55 37.80|40.05/42.30|43.08145.33 47.58|49.83)52.08 52.77 |55.02 |57.27|59.52161.77/64.02 
T,-1, in | 1423) 1564] 1707| 1852| 1999| 2014] 2164] 2316] 2470] 2627| 2525] 2682] 2841] 3002 3166) 3332 
Ti-1, I. || 6.54) 6.63} 6.72) 6.80) 6.87] 6.84] 6.91) 6.98] 7.04| 7.10] 6.92] 6.98] 7.04] 7.10] 7.16] 7.21 
Ty-2, in. 1069) 1130} 1190} 1251) 1312) 1332) 1393) 1453] 1514] 1575/ 1589] 1649] 17101 1771] 1832] 1892 
Te-2, In. || 5.67) 5.64) 5.61) 5.59) 5.57] 5.56) 5.54) 5.53) 5.51) 5.50] 5.49] 5.48] 5.46] 5.45] 5.45] 5.44 
Weight, 


oe aa 111.9/119.6 |127.2/134.9/142.5 146.5/154.2/161.8/169.5/177.1|179.5|187.1 |194.8]202,4/210.11217.7 
00 f 


_ Safe load values above zigzag line are for ratios of l/r not over 60, those below zigzag line are for 
ratios not over 120 |/r. 
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COLUMNS 


ie 15 INCH CHANNEL COLUMNS—Continued 


1 


Ta 


<a-ee---]5-----> 


\ 


Sarge Loaps In THOUSANDS OF PouNDS 


Allowable Fiber Stress per square inch, 13,000 
pounds for lengths of 60 radii or under, reduced for 
lengths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 
details. 


2-15 in. Channels, 2-18 in. Plates 


* 
jem 
re é, 
$ |4s|43|/48\/43|28/43/28|\4s|33|/23|28\43|338)2 
3 $)23|es|s2/838/82| Ss) 88/2) 8s) S5\8s | e2| 22 
& | 62) 28| ee (ae |s5|e2| 58 | 28| ge | ae| o@ | ae | Be 2s 
2 I6e6e(O8/6g/65)65/64/65/68/6 2/64/65 /65/0% 
6 |aclaelseley]42/4e/ 22] se] 45|4¢/48)4y)] e556 
8 (SEIS PS" (S77) 84 / en) S7/ S5/ 87) S487 1878 
11 841 | 871 | 900 | 929 | 958 | 988 |1017 1046 |1075 |1105)1134 1163 |1222 |1280 
12 841 | 871) 900 | 929 | 958 | 988 |1017 |1046|1075 1105 1134 |1163)1222 |1280 
13 | 841/871 900] 929/958 | 988|1017|1046|1075 [1105|1134/1163]1222 1280 
14 | 841]871, 900] 929] 958| 988 1017/1046 1075 1105|1134 1163/1222 1280 
15 | 841/871 | 900| 929| 958 | 988]1017/1046/1075 1105 1134 1163)1222 1280 
16 | 841,871 | 900| 929| 958 | 9881017 |1046|1075 1105]1134)1163|1222 [1280 
18 841 | 871 | 900 | 929| 958 | 988 |1017 |1046 |1075 [1105 |1134/1163)1222 1280 
18 841 |871 | 900| 929] 958 | 988 |1017|1046 |1075/1105]1134 |1163 |1222 1280 
19 841) 871 | 900 | 929 | 958 | 988 |1017 |1046/1075 |1105]1134 |1163)1222 |1280 
20 | 841, 871| 900 | 929| 958 | 988|1017|1046 [L075 1105 ]1134|1163|1222 1280 
| | 
21 | 841/871| 900/929 958 | 988 /1017|1046|1075]1105 1134 |1163]1222 1280 
22 841 , 871 | 9G0| 929 | 958 | 988 |1017|1046|1075 |1105 |1134 |1163|1222 |1280 
23 841 871! 900] 929) 958 | 988 |1017 |1046 |1075|1105]1134 |1163 }1222 1280 
24 841/871 | 900 | 929 | 958] 988 |1017 |1046 |1075 |1105 |1134 |1163}1222 |1280 
25 841 | 871) 900 | 929; 958 | 988 |1017 1046 |1075 |1105|1134 |1163 |1222 |1280 
26 | 841/871) 900 | 929) 958 | 988 [1017 1046 [1075 1105/1134 1163/1222 1280 
97. | 41/8711 900] 929| 958 | 987 [1015 [1044 |1073 |1102|1131 1159/1216 127 
28 8291857 | 885 | 913 | 942/970) 998/1026 |1054/1083/1112/1139 1195 |1253 
29 814 | 843 | 870] 897 | 926 953} 980 |1009 [1036 |1064) 1092 1119|1174|1231 
30 800 | 828 | 855 | $82 | 909 | 936| 963) 991)1017|1045 107. 1099/1153 |1208 
| { 
31 | 7s6|313/839/ 866/893 919] 945. 973} 999 1026)1053/1079|1132 1186 
32 | 771/798! 824|850|877| 902) 928| 955] 980 1007 1034 1059)1111|1164 
33 757 | 783 | 809 | 834} 860 | 885) 911 937| 962| 988 |1014)1039)1090|1142 
34 743 |'768| 793 | 818 | 844 868 | 893} 919) 943 969] 995|1019|1069 |1120 
35 | 728|754| 778 | 802 827 /|852| 876) 961] 925| 950| 975) 999)1048 1098 
rea, in.2| 64.73] 66.98) 69.23 71.48| 73.73] 75.98| 78.23] 80.48| 82.73] 84.98| 87.23) 89.48] 93.98| 98.48 
Ty-1,in4/ 3221 3556| 3727| 3900; 4076} 4255] 4436] 4619] 4805) 4994] 5185) 5575 5976 
ri-1in. || 7.05 717) 7.22, 7.27| 7.32; 7.37| 7.42| 7.47| 7.52| 7.57| 7.61) 7.70| 7.79 
To-2,in.4)/ 1903 2025] 2086] 2146| 2207] 2268} 2329] 2389) 2450) 2511} 2572) 2698 2815 
r9-9,in. || 5.42) 5.411 5.40 5.40; 5.39] 5.38) 5.38) 5.37) 5.37) 5.37| 5.36) 5.35 5.35 
Weight, 
Lbs. per || 220.1) 227.7| 235.4 243.0 250.0} 258.3) 266.0, 273.6 281.3) 288.9 iil 304.2) 319.5) 334.8 
Foot i | 


Safe load values above zigzag line are for ratios of l/r not over 60, those below zigzag line are for 
ratios not over 120 |/r. 
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SRST STEEL COMPANY 


15 INCH CHANNEL COLUMNS—Concluded 


Sarr Loaps In THOUSANDS OF POUNDS 


ee ae 
, 


” 


aS) Allowable Fiber Stress per square inch, 13,000 
{ ounds for lengths of 60 radii or under, reduced for 
' loot over 60radii;see Construction Specifications. 
SB Weights do not include rivet heads or other 
details. 
S i 2-15 in. 45 Ib, Channels 
Qo | 
elie agual a ec be aS oe aig a 
eo oO 
— lSsleslaslasleslesleslzsleelzeslzsl(ssles 
S | BIS BSIS SINR SINR SIR SIN SIA S/R ahs ae ar aa 
a of|/ofA| eal oh !|om| ch] eof | of |] oA] oe 
A |gs|fe|ee2|f2/f2|e2|f2\ae|fe|ee|fes| se es 
£ BEEBE ISPISE IRE IBEIBE |BEIBEIRE |RE RE IRE 
Ss | =) ea) ee) SS co) > 3 20 x co a 
Wag S| oo Sl ey BS ee EER [ES | Se Se Ee Pee ae 
& i|lweK| Hx Kw || K x Mw] oo ee] me | we | Om me] oe et | oe | me | oo 
facie ee 2 cee Neate Vera feo ee Veo | cl Se ee eel 
jan AA PAAP AA AA AA AA AN | AAI AA|AA | AA lad 
11 1340] 1408|| 1485] 1547/1612! 1677| 1742) 1807) 1872) 1937] 2002! 2067) 2132 
12 1340] 1408] 1485] 1547) 1612) 1677| 1742) 1807| 1872) 1937| 2002) 2067| 2132 
13 1340] 1408]] 1485] 1547/1612] 1677| 1742] 1807| 1872] 1937| 2002| 2067 2132 
14 1340} 1408] 1485] 1547/1612) 1677) 1742! 1807| 187 2/1937 2002) 2067| 2132 
15 1340] 1408] 1485] 1547/1612 ee 1807] 1872) 1937] 2002| 2067| 2132 
16 1340) 1408) 1485) 1547) 1612, 1677 1742) 1807) 1872) 1937| 2002} 2067} 2132 
AW 1340] 1408] 1485] 1547) 1612) 1677/1742) 1807] 1872] 1937] 2002] 2067] 2132 
18 1340] 1408} 1485} 1547) 1612) 1677/1742| 1807| 1872| 1937| 2002] 2067} 2132 
19 1340] 1408) 1485] 1547, 1612 1677| 1742) 1807) 1872) 1937| 2002) 2067| 2132 
20 1340) 1408) 1485) 1547| 1612) 1677| 1742) 1807| 1872) 1937| 2002] 2067] 2132 
21 1340) 1408] 1485) 1547| 1612) 1677/1742) 1807| 1872) 1937| 2002| 2067| 2132 
22 1340) 1408] 1485] 1547) 1612/ 1677| 1742] 1807| 1872| 1937| 2002) 2067 2132 
23 1340] 1408] 1485) 1547) 1612] 1677| 1742)! 1807] 1872/ 1937| 2002) 2067| 2132 
24 1340} 1408] 1485] 1547) 1612) 1677/1742) 1807 1872) 1937 2002] 2067) 2132 
25 1340] 1408] 1485) 1547/1612) 1677/1742) 1807] 1872) 1937| 2002! 2067] 2132 
26 1340] 1408} 1485! 1547| 1612) 1677| 1742] 1807] 1872] 1937] 2002] 2067| 2132 
27 |) 1331) 1394) 1465} 1547/1612) 1677| 1742) 1807| 1872) 1937| 2002] 2067| 2132 
28 1307] 1369) 1439] 1547] 1612) 1677| 1742) 1807| 1872] 1937| 2002| 2067| 2132 
29 1284| 1344) 1413] 1547] 1612) 1677/1742 1807| 1872) 1937| 2002] 2067| 2132 
30 || 1261) 1320) 1387|| 1543) 1607 "1670, 1735) 1798] 1863 1926} 1991] 2054) 2118 
31 1238) 1295) 1361] 1519) 1582) 1644) 1708] 1770} 1834) 1896) 1960] 2022! 2085 
32 1214/1270} 1335) 1495) 1557) 1618] 1681) 1742] 1805|1866| 1929] 1989 2052 
33 1191] 1246) 1309) 1471)1532) 1592)1654| 1714] 1776/1836] 1897] 1957] 2019 
34 1168] 1221) 1283] 1447/ 1507| 1566) 1627) 1686] 1747/1806] 1866] 1925| 1985 
35 1145) 1197|| 1257) 1424) 1482) 1540/1600] 1658] 1718] 1775| 1835] 1893) 1952 
Area, in.2]| 103.08] 108.33) 114.23) 118.981123.98) 128.98| 133.98] 138.98] 143.98 148.98] 153.98] 158.98) 163.98 
T1-1,in.4)) 6037 | 6123 || 6233 || 6397 | 6843 | 7300 | 7769 | 8251 | 8744 | 9251 | 9770 10301} 10846 
ry-1,1n. || 7.65 | 7.52 || 7.39 || 7.33 | 7.43 | 7.52 | 7.61 | 7.70 | 7.79 | 7.88 | 7.97 8.05} 8.18 
[y-2, in|] 2919 | 3021 || 3148 || 4240 | 4407 | 4573 | 4740 | 4907 | 5073 | 5240 5407 | 5573) 5740 
re-9,in. || 5.32 | 5.28 |] 5.25 _5.97 | 5.96 | 5.95 | 5.95 | 5.94 | 5.94) 5.93 | 5.93 5.92) 5.92 
Weight, | 
i per | 350.5 | 368.4 || 388.4 || 404.5 | 421.5 | 438.5 | 455.5 | 472.5 | 489.5 | 506.5 | 523.5 | 540.5 557.5 
Moot 


Safe load values above zigzag line are for ratios of I/r not over 60, those below zigzag line are 
for ratios not over 120 1/r. 
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COLUMNS 


‘2 PLATE AND ANGLE COLUMNS 


Og---- 
v: 
Rts 
Y ag Sarge Loaps in THousanps or Pounps 
+444 
Qa ao Allowable Fiber Stress per square inch, 13,000 | 
cS io pounds for lengths of 60 radii or under, reduced for | 
see lengths over 60 radii; see Construction Specifications. | 
Mewessd . ry 
4 2 Weights do not include rivet heads or other | 
t details. | 
8 Web Plate 6 x 14 Web Plate 8 x 14 Web Plate 8 x 46 Web Plate 8 x 84 
aa Nl ' Ht tt aH a ~~ = S ~O =| ea) ee) = 
a Ss = = a 1S = ap = Pass rs pas oo RS Sd 
& N nN . = ah = = Rh = oD oD oD oO oD 
& ee i cal Lal Ll as a is os ot a al i 4 
Aan | ad eased al a eM rade eee a feed 
2 |/s)s|s|/e|2)/3|8]8/8/8|8])/8/8)|2 
S 3b 3 =O D eo S) eb 80 eb “eb "eb “eo a) "ak 
See ie eee eae be ee ee 
s s HH sH ou H sH ba) s <H a) ba) st ~s 
6 69 | 81] 88 | 94 | 110/101] 119] 125] 142] 141] 161] 168} 188) 208 
7 63 | 78 | 82 |} 86 | 103| 101 | 119], 125) 142) 141) 161 |) 168 188 | 208 
8 56 | 72! 76 || 79 | 95) 96/115] 120] 138 |141] 161 || 168] 188 | 208 
9 49 | 66 | 69 || 72 87] 89] 107]] 112] 130] 1386) 158 || 163] 185) 206 
10 43 | 60 | 63 | 65 78| 83] 100] 104| 121) 128) 149] 154) 175) 196 


18 29 | 29 | 28 | 36] 43] 52] 54] 64] 71{ 83] 86; 98/110 
19 26 | 26 | 25) 32] 39| 49] 50] 60/ 67| 79) 81] 93) 105 
20 23 | 22 28| 36| 45] 47] 55] 63) 74|| 77] 88] 100 
21 20 33| 41]| 43] 51| 59] 70] 72| 83) 94 
22 30| 38] 39] 47] 55] 66] 68; 78) 89 
23 OTA SA noo) 42) 511) 161 ||) "638i foi ees 
24 93| 30]| 31| 88] 48| 57]) 59|) 68) 73 
25 34| 44] 53] 54] 63] 72 
26 40| 48] 49] 58] 67 
27 36| 44]| 45) 53) 62 
28 39] 40) 48] 56 
29 51 
10) y 
Area, in.2 | 5.74 | 6.26 | 6.74 || 7.24 | 8.48 | 7.76 | 9.12 |) 9.62 10.94] 10.86] 12.42} 12.92] 14.48] 16.00 
Ty-1, int || 34.3 | 39.1] 42.6 || 81.2 | 96.9 | 90.1 107 |] 110] 127] 122| 141] 148] 161} 178 
r4-1, in. 9.45 | 2.50 | 2.51 || 3.35 | 3.38 | 3.41 | 3.43 || 3.38 | 8.40 | 3.35 | 3.36 |) 3.33 3.34] 3.33 
To-9, in4 |) 6.2 | 10.3 | 10.3 || 10.3 | 12.9 16.0 | 20.2 || 20.7 | 24.9 | 30.3 | 36.3 || 37.2 | 43.5.) 50.2 
Ty-2, in, 1.041 1.28 | 1.24 | 1.19 | 1.23 | 1.44 | 1.49 |] 1.47 | 1.51 | 1.67 | 1.71 |) 1.70 Aes | eee 


Weight, 
Lbs. per | 19.6 | 21.5 | 23.1 || 24.8 | 29.2 26.4) 31.2 | 32.9 | 37.3 | 37.3 | 42.5) 44.2 | 49.4) 54.6 


Foot 


Safe load values above and to right of upper zigzag line are for ratios of I/r not over 60, those 
between the zigzag lines are for ratios up to 120 |/r, and those below lower zigzag line are for ratios not 


over 2001/r. 
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CARNEGIE STEEL COMPANY 


PLATE AND ANGLE COLUMNS—Continued 


Sarge Loaps IN THOUSANDS OF PouUNDS 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 


fe details. 
= Web Plate ll Web Plate | Web Plate Web Pl. 
3 ee) al Wes ie | Web Plate 10 x 34 10x% 11054 
e RRS] SB] 2) S| SF) Se) FS] el S/R] FS] S[ ey] Ss 
| rail ba [cee | ee | ee) rae || be eet Se ee] a) ea eed es ro 
BT HIPSSSESSR SSRI SONAL TS lie cio lll cerosall| reese Ine mess | ens 1 eats 9 atic eer essa Ie 
SSB BTS] wf ew] we | BEB] al ef | et af fo 
a ofS ey Rl wl a aw | aw] wo [wl ololololole = 
fe oo | co || oo 
S 13/83/83) 3/3/38) 3/3/38) 3/3) 83/3) 3/3/1381 8B 
o “ep| “ab | “eo |] “ao | “eo | “eo |] “eo | “eo | Gb | “eb | “eo | “eo | “eo eo | “ap! “ep a) 
me ASS Se Sed Bel) 2 | Se ee Ne oe 
sl) mH sf oH | om as) am law] a1) a] ow x Sue sH 
6 || 99|L07 125] 133] 149] 170] 178| 198! 207| 232 236 266) 296 312) 341|370) 386 
7 |91/107|125] 133] 149] 170] 178] 198) 207] 232] 236| 266) 296] 312/3411370) 386 
8 || 82/100)119}| 125] 149] 170] 178) 198] 207| 232] 236) 266] 296) 312) 341/370] 386 
9 | 74) 93/111} 117) 142) 164) 170) 192] 207| 232) 236 266) 296) 312) 341 370 386 
10 || 66) 86103! 108) 133] 154) 160) 1811 207, 232| 236) 266| 296) 312) 341) 370) 386 
11 58) 79} 95] 99) 125/145] 150) 170] 203 236) 266) 296] 312'341! 370] 386 
12 ||52] 71) 87) 91)116|135) 140) 160) 194 236] 266) 296] 312] 3411370] 386 
13 ||48|_64| 79] 82/108) 126] 130] 149] 185 235] 266] 296] 312) 341] 370) 386 
14 44) 57|_71))_73) 99) 117|| 121) 138] 175) 200 226) 257| 288) 302) 333!363] 378 
15 | 40) 54 65) 68] 91) 107|| 111} 127] 166 190 218) 248) 278] 291) 321| 350] 365 


$2) 98) 101) 116! 157) 180; 209) 238) 267] 280) 309] 337] 351 


17 32| 47) 57) 60) 77| 90) 93/106) 148] 170) 201/229] 257) 269] 297| 325] 338 
18/28) 43) 53] 55] 73] 85] 88] 101] 139] 160] 192] 220) 247|| 258] 285|312) 325 
19 ||24) 40) 49) 51) 69) 81] 83) 95/130) 150) 184| 210) 237] 247| 274] 299] 312 
20 36) 45) 47) 64) 76] 78) 90/121) 140) 175] 201/226] 236) 262) 287] 298 
21 33) 41) 42) 60) 71] 73) 84/112) 130) 167/191) 216] 225/250) 274|| 285 
22 29) 37, 38) 56) 67) 68) 79/107) 123] 158] 182/206) 214] 238) 261] 272 
23 25} 34) 34) 51) 62] 63) 74/103) 118/150) 172! 195|| 203/226) 249|| 258 
24 30 47| 57) 58) 68) 98) 113! 141! 163] 185] 192) 214) 236! 245 
25 43) 52) 53) 63) 93 08} 132) 154) 175|| 181) 203) 223) 232 
26 39) 48) 48) 57) 89 103/126) 144! 164] 170] 191) 210) 218 
27 34) 43) 43) 52) 84) 98) 121/139/157| 164) 181/198] 207 
28 47| 80} 93/117] 134] 152) 158) 175] 192] 200 
29 75| 88) 113) 130) 146] 153/169] 186] 193 
30 71| 83) 109) 125) 141) 147] 164) 179|| 187 
Area, in.2|'7,74] 8.26] 9.62|| 10.25) 11.49] 13.05]! 13.67) 15.23) 15.95] 17.871 18.19] 20.471 22,75 24.00) 26.24] 28.44)) 29.69 


Ty-1,in.4}) 134) 148) 176) 181} 201] 282] 237] 267 279] 315} 3191 361] aot ll 412) 454 489 500 
Yy-1,1. |/4.16) 4.23) 4.28) 4.20) 4.18} 4.22 || 417] 4.19] 448] 4.20} 4.19] 4.20] 4.20 || 4141] 415} 4.15 4.10 
T2-2,in.4/10.3) 16.0] 20.2) 20.7} 30.3 | 36.3 || 37.2] 43.5] 70.6] 823) 119} 139] 460 || 165! 186 206 als 
rg-o,in, 1.15) 1.39) 1.45|/ 1.42 | 4.62 | 4.67 || 1.65 | 1.69] 2.10] 2.15 | 2.56] 2.61] 2.65 |] 2.62 2.66 | 2.69 || 2.68 
Weight, ; 
He We 26.5) 28.1) 32.9) 35.0] 39.4) 44.6 | 46.8 | 52.0) 54.4] 60.8 | 62.0] 70.0! 77.6 || 81.8 89.4} 97.0 |} 101.3 

00 


Safe load values above and to right of upper zigzag line are for ratios of l/r not over.60, those 


between the zigzag lines are for ratios up to 120 l/r, and those below lower zigzag line are for ratios 
not over 200 1/r. 
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COLUMNS 


PLATE AND ANGLE COLUMNS—Continued 


Sarp Loaps In THousanps or Pounps 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 


details. 
a 

Web Plate || Web PI. 
3 12x\% 12 x46 Web Plate 12 x 3 Web Plate 12 x 14 ee 
2 12x $\12x 7 
2 Ixlelelelsisis/elslelsisl2[Sle/s] 5/8 
a Vel Rl eye] «ey we] | Sl] ew |] | Re] 
be Xl Sloe to folelalols (ei |e ysis) 
& nee ed uM * fad He 2 3 cal i cl ta ta 4 ta * el 
Salle SSM) SSE TS UP aR | ee eal sce a Me as | a 
s |2|8|8/3/3/3|4/3|4|8/3/38)4/4/ 8) 4] 4/2 
& lel el ele ele) 2) eS S/S (SIF FIFIe Sl ele 
e Vel sleleielal2\2i2\/4\4]2)/42\4\2/<] 4] = 

s sH sH ss sH ss ase Ht H =H sH sH sH = oH sH ss bs) 
6 {114/132 148) 157)178||187|217)242|266/276)305)325,354/383/411/439) 458) 478 
7 11191132/148!157|178]187|217)242|266)276|305/325 354/383 41 1/439] 458/478 
8 104/123 148[157j178 187|217|242|266/276|305/325/354)383 411/439] 458) 478 
9 96/115|140)14.7)169]177)217|242 2661276|305/325|354/383/41 1/439] 458] 478 


10 89/106)131//138)159 iene 242/266/276)305|325|354/383)4 11/439] 458) 478 
11 gi] 93/123]129'149]156'210'237/264]276)305/325354,383/41 1/439) 458) 478 
12 73) 89/114/120139]145|\201/226/2521276|305'3251354/383)411/439) 458) 478 
13 65! 80|106/111/129]134|191/215/241/274|305]3231354/383/411/439] 458) 478 
14 59} 72) 97/101/119]124'181/205|229 264/295)312)342/373 403/433] 451/469 
15 55167] S9ll 92109]|113)171/194|218/254/284)/300)330/359)389)418) 435) 452 
16 52] 631 80] 84|_99/\102/162/184|206|244|274 |288)317/346)375)403) 419) 436 
17 48| 58) 76) 79{ 92|[ 96]152|173|195|234|263/277|305/333/361/388) 404) 420 
18 44| 54] 71) 75| 87|| 91/142/162|/184/224|252/265|292/319)347/373/ 388) 403 
19 40| 50| 67) 70) 82i| $5132|152/172|214|241]253)/280|/306)333/358/ 372] 387 
20 36] 45| 63] 65| 77|) 801123'141)161/204\230)242/267|/293)318)344/ 357) 370 
21 39] 41] 59! 61) 72/| 75/115{130|1491194/220/230/255/279)304)329) 341) 354 
22 98] 37| 55] 56) 67|| 69/110/125|141]184)209]218)/242/266)290)3 14) 325) 338 
23 33] 50] 521 62/1 64]105/120/135|174|198]/207|230 253 276/299) 310) 321 
24 46|| 47| 57/1 5811001114/129]164/187)195|217/239|262/284] 294) 305 
25 42|| 42] 52]) 53] 95/109/123|1551176/183/204/226)248)269] 278) 288 
26 3gi| 3s] 47] 48| 91/104/118]147]166]173]192)213/234)/254) 262) 272 
Di 42 86] 981112|1421160/167|185|203)220|239]| 247] 256 
28 81) 931106|137|154]/162/179|196|213/230| 239] 248 
29 76] 88/101|132|/149]|156|173|/189|206|223) 231) 240 
30 71) 82) 95!1271143]150'166/183/199!215|| 223) 232 


‘Area, in.2 || 8.76/10.42/11.36) 


12.44 13.67/14.42 16,70118.62120.50121.22123,501 25.00127.24 29.44'31.60) 33.76) 36.26) 36.76 


222} 264) 295) 


ry-1,.in. |] 5.04) 5.14) 5.09 


304} 350\) 359} 421) 476) 526) 544) 605) 623 6g3| 741] 794 849] 867|| 885 
5,01) 5.061 4,99] 5.08] 5.05| 5.07| 5.06) 5.07) 4.99] 5.04) 5.02) 5.01) 5.04 4,96|| 4.94 


2, in || 16,0] 20.2] 29.6)] 30.3] 36.3]] 37.3] 70.6] 82.3) 94.6 439] 160|| 165) 186] 206) 228) 249) 257] 266 
r2-2,in. || 1.35) 1.44] 1.64)) 1.58) 1.63) 1.641] 2.06) 2.10) 2.15 2,56] 2.61) 2.57| 2.61) 2.65] 2.69) 2.72) 2.70|| 2.69 
Weight, 


Lbs. per |} 29.8) 34.6) 39.0 


49,3] 56.9] 63.3| 69.7| 72.5| 80.1] 85.2) 92.8/100.4/107.6)144.8)/ 119.9|/ 125.0 


41.6| 46.8 


i 


Safe load values above and to right of upper zigzag line are for ratios of I/r not over 60, those 
between zigzag lines are for ratios up to 120 l/r, and those below lower zigzag line are for ratios not 


over 200 l/r. 
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CARNEGIE STEEL COMPANY 


PLATE AND ANGLE COLUMNS—Continued 


Sarg Loaps In THOUSANDS OF PouNpDS 


Allowable Fiber Stress per square inch, 13,000 


ounds for lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 


details. ‘ 


Web Plate 12 x 144 Web Plate 12 x 54 


2 
Be laa | Regalees like ewe |e |S |e le |e le e 
pS pS ~ oN oN rn ira) ite} , oN \ 
8 Ne aN ok Pe EN Sane, |) ech pase MN | HN] eS] KO 
oe] Se] sw | te] SK HK] aH] Hin | a HH) tH] ame | ow 
a tH MoH KH oH ns 4x MoH KH ux KH Hx a hel 
=| cae cet? | Fale || cast lh Ge ra} oo |e o © ° o 
© m en Rp Qn 33 32 33 38 833 82 33 38 
= | 22/23 |e5| B2| Bs] Bs | BS | Bs | PS | Bel S| Bs 
S <Ay| <a, | <a | <A, <A |} <A | A | mm <A | A] a | 
eal HA | to | aa | a |] HN] | a] et | a | si | ag | A 
11 || 383 | 428 | 458 | 487 || 507 | 553 | 582 | 610 | 630 | 675 | 721 | 766 
12 383 | 428 | 458 | 487 || 507 | 553 | 582 | 610 |) 630 | 675 | 721 | 766 
13 383 | 428 | 458 | 487 || 507 | 553 | 582 | 610 || 630 | 675 | 721 | 766 
14 383 | 428 | 458 | 487 || 507 | 553 | 582 | 610 || 630 | 675 | 721 | 766 
15 383 | 428 | 458 | 487 || 507 | 553 | 582 | 610 || 630 | 675 | 721 | 766 
16 379 428 | 458 | 487 | 506 | 553 | 582 | 610 || 630 | 675 | 721 | 766 
17 368 | 419 | 447 | 475 || 491 | 54: 569 | 596 613 663 | 714 | 763 
18 357 | 407 | 434 | 461 | 476 | 526 | 553 | 579 || 594 | 644 | 694 | 742 
19 346 | 395 | 421 | 447 || 461 | 510 | 536 | 562 || 576 | 625 | 674 | 721 
20 334 | 383 | 407 | 433 || 447 | 495 | 520 | 544. 658 | 606 | 654 | 700 
21 323 | 370 | 394 | 419 || 432 | 479 | 503 | 527 || 540 | 587 | 634 | 679 
22 312 | 358 | 381 | 405 || 417 | 463 | 487 | 509 || 522 | 568 | 614 | 658 
23 301 | 346 | 368 | 391 | 403 | 448 | 470 | 492 | 504 | 548 | 5094 | 637 
24 289 | 334 | 355 | 377 || 388 | 432 | 454 | 475 || 486 | 529 | 574 | 616 
25 278 | 322 | 342 | 363 || 373 | 416 | 487 | 457 || 468 | 510 | 554 595 
26 267 | 310 | 329 | 349 | 358 | 401 | 421 | 440 |] 450 | 491 | 534 574 
27 256 | 297 | 316 | 335 || 344 | 385 | 404 | 422 | 431 | 472 } 514 553 
28 244 | 285 | 303 | 321 || 329 | 369 | 388 | 405 || 413 | 453 } 494 532 
29 233 | 273 | 290 | 307 || 314 | 354 | 371 | 388 || 395 | 434 | 474 511 
30 222 | 261 | 277 | 293 || 299 | 338 | 354 | 370 || 377 | 415 | 454 490 
31 211 | 249 | 264 | 279 IL 285 | 323 | 338 | 353 || 359 | 396 | 434 | 4690 
32 203 | 237 | 250 | 265 [ 272 | 307 | 321 | 336 || 341 | 377 | 414 | 448 
33 197 | 228 | 242 | 257 || 264 ; 294 | 309 | 323 | 331 | 361 | 394 | 427 
34 191 | 221 | 235 | 250 || 257 | 287 | 301 | 315 |} 322 | 351 | 881 | 409 
35 186 | 215 | 229 | 243 | 249 | 279 | 293 | 306 || 313 | 342 | 371 | 399 
Area, in,2}| 29.44 | 32.94 | 35.22 | 37.50 || 39.00 | 42.50 | 44.74 { 46.94 || 48.44 51.94 | 55.44 { 58.94 
Iy-1,in.4} 916) 1073 | 1136] 1197 || 1215) 1377} 143 1405 || 1513 | 1682) 1856 | 2037 
ri-1, in. 5.58 | 5.71 | 5.68] 5.65 |} 5.58 } 5.69) 5.67] 5.641) 5.59} 5.69] 5.79] 5.88 
To-9,in.4|} 291 348 368 388 394) 451 472 492 499 556 613 671 
fo-9,1n. 8.14) 3.25) 3.23) 3.22 || 3.181 3.26) 3.25] 3.24|| 3.21] 3.97! 3.33] 3.37 
Weight, 
ue. Lg’ 100.2 | 112.1 | 120.1 | 127.7 || 132.8 | 144.7 | 152.3 | 159.9 || 165.0 | 176.9 | 188.8 200.7 
001 


Safe load values above and to right of upper zigzag line are for ratios of l/r not over 60, those 
between zigzag lines are for ratios up to 120 l/r, and those below lower zigzag line are for ratios not 


over 2001/r. 


312 


COLUMNS 


PLATE AND ANGLE COLUMNS—Continued 


Sarge Loaps in THousANDS oF PoUNDS 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 
details. 


m | Web Plate 12 x54 Web Plate 14 x34 
o 
o 
ee eh ee | eee ee ae | ie ee 
ie ey epee | ea | ee ee ey | ace see) Sue) Weiss Tees 
to <Hopd | Hod | Hod | He | Hog | SH | He | Hoe | He | He | Hg | SH | HH 
g Mt | a | x | et | ee | | ee | er |] Me | ee | a | | 
= © © © © oOo” | ae Wee es ler | ea eae ics 
& BSB 32/823 |33)| 8g B82) 82) 82 Ran| Bn|Bn}] Bn| Ba 
SEE EEE SEE EEE EES 
& <a, |< | a | aa | a | | tay | ey | ae | ee a | te | a 
soy | tea | ea | sca | gd | HA |] tg | ig |] ta | tad [tin | in [sian 
11 812 | 857} 903 | 948 | 994 | 1039) 1085| 1130] 392 | 422 | 452 | 474 | 497 
Tee 812 | 857 | 903 | 948| 994 | 1039) 1085) 1130) 392 | 422 | 452 | 474 | 497 
13 812 | 857 | 903 | 948 | 994 | 1039] 1085) 1130) 392 | 422 | 452 | 474 | 497 
14 812 | 857 | 903 | 948 | 994 | 1039) 1085] 1130] 392 | 422 | 452 | 474 | 497 
15 812 | 857 | 903 | 948 | 994 | 1039) 1085] 1130] 392 | 422 | 452 | 474 | 497 
16 812 | 857 | 903 | 948 | 994 | 1039) 1085] 1130) 387 | 415 | 444 | 470 | 497 
ily 812 | 857 | 903 | 948 | 994 1039] 1085] 1130} 375 | 403 | 431 | 456 | 482 
18 791 | 8401 888 | 937 | 986 | 1034] 1082] 1130] 363 | 390 | 417 | 442 | 468 
19 769 | 817 | 864 | 912 | 960 | 1007| 1054/1101) 352 | 377 | 404 | 428 453 
20 747 | 794| 840] 887 | 634] 980) 1026) 1072) 340 | 365 | 390 | 415 | 439 
21 725 | 771 | 817| 862 | 908] 953] 998] 1043] 328 | 352 | 377 | 401 | 425 
22 703 | 748| 793 | 837 | 882] 926} 970) 1014) 317 | 340 | 363 387 | 410 
23 681 | 725! 769 812 | 856| 899] 942) 985)| 305 | 327 | 350 | 373 396 
24 659 | 702 | 7451 787| 830] 872] 914) 956] 293 | 314 | 336 | 359 | 381 
25 637 | 679| 721 | 762 | 805| 845] 886] 927] 281 | 302 | 323 | 345 | 367 
26 615 | 657 | 697| 738 | 779| 818] 858] 898] 270 | 289 | 309 | 331 | 353 
Ni 593 | 6341 673 | 713 | 753| 791) 830| 869] 258 | 276 | 296 | 317 | 338 
28 571 | 611 | 649| 688] 727| 764} 802} 840) 246 | 264 | 282 303 | 32: 
29 549 | 588 | 625 | 663) 701 | 737! 774| 811) 235 | 251 | 269 | 289 309 
30 5271565] 601 | 6388 | 675| 710) 746) 782) 223 | 239 | 255) 275 | 295 
| 
Sul 505 | 5421 577 | 613 | 649 | 684} 718) 753/211] 227 | 243 | 261 | 281 
22 483 | 519 | 553 | 588] 623] 657] 690) 725] 205 | 220 | 236 | 251 | 267 
33 461 | 496 | 529 | 563| 597| 630) 662] 696] 200) 214 | 229 | 244 | 260 
34 439 | 473 | 505 | 538| 571 | 603) 634) 667; 194 | 208 | 222 | 237 | 253 
35 427 | 456 |.484 | 513| 545| 576) 606] 638} 188 | 201 | 216) 230 | 245 
Area, in.2 || 62.44 | 65.94 | 69.44 | 72.94 76.44 | 79.94 | 83.44 | 86.94] 30.19 | 32.47 | 34.75 | 36.50 | 38.25 
T4-1, in.4| 2224] 24187} 2618] 2825} 3038 3959 | 3486| 3721| 1261 | 1351} 1486) 1539) 16438 
¥1-1, in. || 5.97] 6.06] 6.14] 6.22} 6.80 6.3 6.46| 6.54] 6.46| 6.45] 6.438] 6.49} 6.55 
To-2, in4|) 728] 785} 842} 899 956) 1014] 1071] 1128) 291 311| 331] 360] 388 
ro~o, in. || 3.41| 3.45) 3.48] 3.51| 3.54 3.56 3.58) 3.60| 3.10} 3.09) 3.09| 3.14 3.19 
Weight, 
Lbs. per || 212.6 | 224.5 | 236.4 248.3 | 260.2 | 272.1 | 284.0] 295.9] 102.8 | 110.8 | 118.4 | 124.3 130.3 
Foot 


Safe load values above and to right of uppe 
between zigzag lines are for ratios up to 120 I/r, 


over 200 l/r. 
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r zigzag line are for ratios of 1/r not over 60, those 
and those below lower zigzag line are for ratios not 


CARNEGIE STEEL COMPANY 


PLATE AND ANGLE COLUMNS—Continued 


Sarge Loaps In THOUSANDS OF PouNDS 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 


details. 
lat 
© dey To ey Web Plate 14 x54 
$ | 
aa AS Na RS \o |) Nw x an 
aS rt oN. o 1 oN a, iON’ 
3 HS | wk | Mis) Hoe ae | Ke | wx n> 
t seo] te | te] aw | tk |] te | Ho 
3 bH be ocH Mest oH Ht | oH Lada Laas} 
S oo | © || © at ws) eH eaten ce o 
6 | 83| 33] 33/ 83| 23] 83) 83 23 
& Ba| Pa | 23) Ps fa | as| ge a3 
a <a | <a | <a | <a | <a | <a | a <Ay 
SHAN HA HN HN SHAN HN STN HA 
| Pee 
11 520 | 543 || 646 | 691 919 
12 520 | 543 646 | 691 919 
13 520 | 543 646 | 691 919 
14 520 | 543 646 | 691 919 
a3 520 | 543 646 | 691 919 
16 || 520 | 543 | 643 | 691 919 
17 507 | 533 624 | 675 919 
18 493 | 517 606 | 655 901 
19 478 | 502 587 | 635 876 
20 463 | 487 568 | 615 851 
al 448 | 472 549 | 596 827 
22 433 | 456 530 | 576 802 
25 418 | 441 511 | 556 778 
24 403 | 426 493 | 536 753 
25 388 | 410 474 | 517 728 
26 374 | 395 


455 | 497 | 540 |] 581 | 622 | 664 | 704 
436 | 477 | 519 | 560 | 600 | 640 | 679 
A117 | 457 | 498 | 538 | 577 | 617 | 655 
399 | 438 | 477 | 516 | 554 | 593 | 630 
380 | 418 | 457 | 495 | 532 | 569 | 605 


361 | 398 | 436 | 473 | 509 | 546 | 581 
[345 1378 | 415 | 452 | 487 | 522 | 556 


336 | 365 | 396 1430 | 464 | 499 | 532 
326 | 356 | 385 | 415 | 444 1 475 | 507 
317 | 346 | 375 | 404 | 432 | 461 | 489 


40.00 | 41.75 49.69 | 53.19 | 56.69 | 60.19 | 63.69 | 67.19 | 70.69 
1749 | 1857 2081 | 2302 | 2529} 2764] 3006] 3255} 3512 
6.61 | 6.67 6.47 | 6.58] 6.68] 6.78] 6.87] 6.96] 7.05 
oe ee 499) 556] 613] 671] 728] 785| 842 


3.17 | 3.23 | 3.29 | 3.34} 3.38] 3.42] 3.45 


136.2 | 142.2 


148.1] 155.7 | 163.3 |] 169.3 | 181.2 | 193.1 | 205.0 | 216.9 | 228.8 | 240.7 


Safe load values above and to right of upper zigzag line are for ratios of l/r not over 60, those 
between the zigzag lines are for ratios up to 120 l/r, and those below lower zigzag, line are for ratios 


not over 200 l/r. 
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COLUMNS 


PLATE AND ANGLE COLUMNS—Continued 


Sarge Loaps in THousanps or Pounps 


Allowable Fiber Stress per square inch, 13,000 
ounds for lengths of 60 radii or under, reduced for 
engths over 60 radii; see Construction Specifications. 


Weights do not include rivet heads or other 


details. 
Web Plate 14 x 54 
a 
2 ' 
FP Re] ye] Re] Be] | Bef KR PR | Re] See] Se] Re 
a Me Pa Kr ioe) HN ha KA MA Rn most Lames} RN 
to ae st HM HH HK HK HW Oo K om] On OM oh 
a ) bie al 4 osH oH ba HH Ko Ko KO KO KSO bc wo 
rm 1 ri re mo —_— 4 ret ie | mr rt ret 
| =) eo) =) oO Rs} Ce} oO © =) o oO =) 
£ | 83! 83/83] 83/ 83) 83| 83) 83) 83| 3) 83) 88 
3 oa | Pa | Pal Bal Bal Ps | S| Ps | Ps | Fe] PS | Bs 
taal Ay <A <u tay —<cAy <A <iA4 =< AY <q Au <A AY <q AY 
Rm SHA SHA HAN HA HN tA tN SHA HN | SHA HN 
alee 964 11010!1055! 1101 | 1146] 1198] 1250] 1315] 1367 | 1419| 1471) 1523 
12 964 |1010| 1055] 1101| 1146] 1198] 1250/1315) 1367 | 1419) 1471) 1523 
13 964 | 1010] 1055| 1101] 1146] 1198 | 1250] 1315] 1367 | 1419} 1471) 1523 
14 964 | 1010) 1055|1101| 1146] 1198) 1250] 1315] 1367 | 1419) 1471} 1523 
15 964 |1010/ 1055/1101] 1146] 1198] 1250/1315] 1367 | 1419) 1471] 1523 
16 964 |1010/1055/1101| 1146] 1198] 1250] 1315] 1367/1419] 1471] 1523 
a7 964 |1010|1055|1101| 1146] 1198) 1250/1315] 1367) 1419| 1471) 1523 
18 949 | 998) 1046| 1095| 1144] 1198] 1250| 1315) 1367] 1419] 1471} 1523 
19 924 | 971/1018] 1067] 11141198] 1250] 1315 | 1367] 1419) 1471 1523 
20 898 | 945] 991|1038| 1084}1198 | 1250] 1308 | 1364 | 1419 | 1471 1523 
21 872 | 918] 963]1016] 1055] 1174] 1229 | 1277) 1333 1388 | 1443 | 1497 
22 847 | 892] 935] 981] 1025/1146] 1201 | 1246] 1301 1356 | 1409| 1463 
23 821 | 865! 908] 953} 996] 1119] 1172) 1216) 1269 1323 | 1375 | 1428 
24 796 | 839| 880] 924] 966) 1091] 1144] 1185) 1237 1290 | 1342 | 1393 
25 770 | 812| 853] 895] 937| 1064] 1115/1154) 1206 1258] 1308] 1359 
26 744 | 786| 825] 867| 907] 1036] 1087) 1123] 1174 1225 | 1274 | 1324 
27 719 | 759| 797| 838| 877] 1009| 1058) 1093! 1142 1192] 1241}; 1289 
28 693 | 732] 770| 810] 848] 981] 1030) 1062) 1111 1160] 1207 | 1254 
29 668 | 706| 742] 78i| 818] 954} 1001/1031 | 1079 1127 | 1173] 1220 
30 642 | 679| 715| 753| 789| 926] 973) 1000| 1047 1094 | 1139] 1185 
3l 617 | 653| 687] 724) 759| 899| 944) 970] 1015 1062 | 1106| 1150 
32 591 | 626| 659] 696] 730| 871| 916] 939] 984 1029 | 1072} 1115 
33 565 | 600| 632| 667| 700] 843] 887) 908) 952 996 | 1038] 1081 
34 540 | 573| 604| 639] 671| 816] 859| 877| 920 964 | 1005 | 1046 
35 S17 | 546] 577| 610] 641| 788| 830) 847 889} 931| 971] 1011 
Area, in.2|| 74.19 | 77.69 | 81.19 | 84.69 | 88.19 92.19 | 95.19 | 101.19] 105.19 | 109.19} 113.19 | 117.19 
T4-1,in4] 3776| 4048] 4327) 4615 4910] 5120] 5457 | 5484) 583 6187 | 6552 | 6928 
rijin. || 7.13) 7.22) 7.30) 7.38) 7.46 745 | 7.53 | 7.36) 7.44) 7.53) 7.61) 7.69 
To-2,in.4]/ 899) 956] 1014] 1071) 1128 1493 | 1579) 1581| 1666) 1752) 1837] 1922 
9-9, in. 348| 3.51| 3.53) 3.56] 3.58} 4.02 | 4.05 3.95| 3.98 | 4.01] 4.03 | 4.05 
Weight, 
Lbs, por || 252.6 | 264.5, | 276.4 988.3 | 300.2 | 313.8 | 327.4 | 344.2 | 357.8 | 371.4 | 385.0 | 398.6 
Foot 


Safe load values above and to right 
between the zigzag lines are for ratios up 


not over 200 l/r. 
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of upper zigzag line are for ratios of I/r not over 60, those 
to 120 I/r and those below lower zigzag line are for ratios 


CARNEGIE STEEL COMPANY 


PLATE AND ANGLE COLUMNS—Concluded 


Sare Loaps In THOUSANDS OF PouNDS 


1” 


Allowable Fiber Stress per square inch, 13,000 


its J 
2 pounds for lengths of 60 radii or under, reduced for 
8 lengths over 60 radii; see Construction Specifications. 
> Hl f , 
Weights do not include rivet heads or other 
t details. 
i@ | 
| Two Web Plates 14x 14 | Two Web Plates 14 x 54 
8 | | | 
\ N \ \ \oo \o 
A aK a 1 eo aS a 1O\\c0 | w\NHt Xv Deca Shs Ro oN Ne 
iB wa | na way | Hien Hor] ea | BA | Ma | RA] MA “OO “oD 
3 on cor co KH oO K on | or. || on ory a ow oK ow 
rg ; oes SS 
g lis Hess Hico tes) no Latico | CO Ko late bag i Lad 
4 C=) oo) fo) oa) co °o | oo (oe) a) ioe) co co 
= | 82/33/83 |23|383|33/| 83|33|33|33| 83] 83 
"ee "or =e "tr rT, Sr a>, "ep rs P= se 
3 2s | as |/fs|/ 2s | Ps/ PS] Pe) Ps | Ps) Pa | PS | Ss 
& Ay | <A | <r | <A | A | ee || ee | SR | ta ee | te | <a 
| 
a HN HN HN SN HAN HN | HN tN HN TIN HN HN 


il 1904 || 1949 | 2027 | 2092 | 2157 | 2222 | 2287 
12 1904 || 1949 | 2027 | 2092 | 2157 | 2222 | 2287 
13 1904 || 1949 | 2027 | 2092 | 2157 | 2222 | 2287 
14 1904 || 1949 | 2027 | 2092 | 2157 | 2222 | 2287 
15 1904 || 1949 | 2027 | 2092 | 2157 | 2222 | 2287 
16 1904 || 1949 | 2027 | 2092 | 2157 | 2222 | 2287 
17 1904 || 1949 | 2027 | 2092 | 2157 | 2222 | 2287 
18 1904 || 1949 | 2027 | 2092 | 2157 | 2222 | 2287 
19 1904 || 1949 | 2027 | 2092 | 2157 | 2222 | 2287 
20 1904 || 1949 | 2027 | 2092 | 2157 | 2222 | 2287 
21 1904 || 1949 | 2027 | 2092 | 2157 | 2222 | 2287 
22 1904 || 1949 | 2027 | 2092 | 2157 | 2222 | 2287 
23 1904 |] 1949 | 2027 | 2092 | 2157 | 2222 | 2287 
24 1879 || 1918 } 2027 | 2092] 2157 | 2222 | 2287 
25 1842 || 1879 | 2027 | 2092 | 2157 | 2222 | 2287 


26 1369 | 1470 | 1626 | 1685 | 1744) 1804 | 1841 | 2009 | 2077 | 2146 | 2214 | 2283 
27 1332 | 1434 | 1592) 1650) 1708 | 1766 || 1802 | 1972 | 2039 | 2107 | 2175 | 2242 
28 1295 | 1397 | 1557 | 1614| 1671] 1729|| 1763 | 1935 | 2002 | 2068 | 2135 | 2202 
29 1258 | 1360 | 1522) 1578 | 1635| 1691 || 1724] 1899 | 1964! 2029 | 2095 | 2161 
30 1222 | 1324 | 1488 | 1543 | 1598 | 1653 || 1686 | 1862 | 1926 | 1991 | 2055 | 2120 


31 1185 | 1287 | 1453 | 1507 | 1561] 1616 || 1647] 1825] 1889| 1952] 2016 | 2079 
32 1148 | 1251] 1419} 1471 | 1525| 1578 || 1608 | 1789} 1851| 1913] 1976 | 2039 
33 1111) 1214/1384] 1436] 1488] 1541 || 1569| 1752] 1813| 1874/1936] 1998 
34 1074 | 1177 | 1349) 1400] 1451 | 1503 | 1530] 1715| 1775| 1836| 1896 | 1957 
35 1038 | 1141] 1315 | 1365 | 1415 | 1465 || 1492 | 16791738 | 1797] 1857] 1916 


Area, in.?}) 122.44 | 127.44 132.94 | 137.44 | 141.94/ 146.44 || 149.94 | 155.94 | 160.94 165.94 | 170.94) 175.94 


Ty-1,in4} 7014) 7254} 7559] 7981) 8415| 8859] 8916| 9248] 9741 | 10248 | 10767 | 11298 
Ty-1,1M. | 7.57 | 7.54] 7.54) 7.62] 7.70] 7.78|| 7.71| 7.70| 7.78] 7.86] 7.94] 8.01 
Ig-o,in.4/ 1946 | 2229] 2831] 2953] 3074] 3196) 3222] 4049] 491 6| 4383 | 4549| 4716 
Tg-2,10, 3.99 |_ 4.18] 4.61] 463] 4.65] 4.67] 4.64] 5.10] 5.12] 5.14 5.16} 5.18 
Weight, 


| 
ee, ee 416.4 | 433.6 | 452.3 | 467.6 | 482.9 | 498.2 || 510.1 | 530.5 547.5 | 564.5 | 581.5 | 598.5 
00 
Safe load values above and to right of zigzag line are for ratios of I/r not over 60, those below 
zigzag line are for ratios not over 120 l/r. 
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COLUMN DETAILS 


TYPICAL COLUMN DETAILS 
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MILL BUILDING COLUMN 
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Simplicity in details is essential to 
economical construction. To eliminate 
bending or secondary stresses, it is 
desirable in making designs and details 
that loads be transmitted from beams, 
girders and trusses to columns directly 
and with the minimum number of 
connecting pieces, rivets, or bolts, and 
that the rivets or bolts be stressed in 
shear or bearing only. 

The column connections shown on 
this page and the two pages which fol- 
low represent the best modern practice 
and conform to these fundamental 
conditions and cover the range of 
cases met with in ordinary mill and 
office building.construction. 

Where columns rest on steel slabs 
or castings, the loads are transmitted 
directly into the footing, and shoe 
angles may be provided for proper 
anchorage. Where they rest on 
masonry, gusset plates may be re- 
quired to distribute the load. 

Columns should be milled to accu- 
rate bearing at joints, with splice plates 
sufficient to hold the sections in line 
and to resist bending stresses. Horizon- 
tal bearing plates must be used between 
column sections of different forms or 
general dimensions. Rivet spacing in 
column shafts and at beam connections 
should be uniform to permit the use of 
multiple punches; spacing should be 
in multiples of one-quarter inch. 

Erection requirements should not 
be overlooked; beams should frame 
with ample clearances, particularly to 
column webs, and rivets should be 
countersunk or flattened where neces- 
sary to swing beams into position. 
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CARNEGIE STEEL COMPANY 


TYPICAL COLUMN DETAILS 


Orrice BuILpING CONSTRUCTION 
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Bearing on Masonry Bearing on Steel 
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COLUMN DETAILS 


TYPICAL COLUMN DETAILS 


OFFIcE BUILDING CONSTRUCTION 
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CARNEGIE STEEL COMPANY 


CAST IRON COLUMNS 
ALLOWABLE UNIT STRESSES IN PoUNDS PER SQuARE INCH 


By Formuuta or New York Buripine Law, 1916 


9000-40 l/r lbs. per square inch 


l/r Lbs. per Sq. In. || l/r Lbs. per Sq. In.| l/r Lbs. per Sq. In. 
0 9000 I 30 7800 51 6960 
10 8600 31 | 7760 52 6920 
11 8560s 32 7720s 53 6880 
12 8520 | 33 7680 54 6840 
13 g4so_— sid 34 7640 55 6800 
14 8440 || 35 7600 56 6760 
15 3400s 36 7560 57 6720 
16 8360 37 7520 58 6680 
17 8320 38 7480 59 6640 
18 8280. 39 7440 60 6600 
19 8240. | 40 7400 61 6560 
20 8200 41 7360 62 6520 
21 g160 | 42 7320 63 6480 
22 8120 43 7280 64 6440 
23 8080 44 7240 65 6400 
24 8040 45 7200 66 6360 
25 8000 46 7160 67 6320 
26 7960 47 7120 68 6280 
27 7920 4g * 7080 69 6240 
28 | 7880 49 7040 70 6200 
29 7840 50 7000 


The safe load for a cast iron column of given dimensions is determined 
from the above table by obtaining the ratio of l/r and multiplying the correspond- 
ing unit stress by the sectional area of column. 

Example:—Required the safe load of a cast iron column, 15 inches square, 
74 inch in thickness, and 16 feet long. 

From table of Hollow Square Sections, page 199, the radius of gyration 
is 5.78 inches and the sectional area is 49.44 square inches; hence the ratio of 
\/r— 16x 12 + 5.78 = 33.2, corresponding to a stress of 7672 pounds per square 
inch, giving a total safe load of 49.44 x 7672 = 379300 pounds. 

The minimum size of a cast iron column of a certain Jength to safely 
support a given load is determined as follows: 

Divide the length in inches by 70; the quotient is the minimum allowable 
radius of gyration required. Divide the total load by 6200 pounds; the quotient 
is the minimum sectional area. 

Example:—Required the minimum size of a round cast iron column, 20 
feet long, to support a load of 235000 pounds. 

The minimum radius of gyration is 20x 12 —- 70 =3.43 inches; the minimum 
area is 235000 = 6200 37.90 squareinches. From table of Hollow Round Sec- 
tions, page 198, the nearest minimum size for this radius of gyration and this 
area is found to be a column 11 inches in diameter and 114 inches in thickness. 
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CAST IRON COLUMNS 


ROUND CAST IRON COLUMNS 


ALLOWABLE LoApDS IN THOUSANDS OF PoUNDS 


By 


Formula of New York Building Law, 1916 
Weights do not include details 


Thick- 
ness, 
Inches 


Area, 
Inches? 


Weight Effective Length of Column in Feet 


Per Radius, 


Foot, 
Pounds Inches} 8 | 10} 12] 14] 16] 18] 20] 22 | 24 


26 | 28 


10 


il 


13 


15 


16 
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8.51 |276) 266/257 |247 | 238] 228/219 
8.48 |302/292/281/271|260) 250) 239 
129.9 | 3.44 |328/316/305/293 |281 | 270/258 
139.9 | 3.40 |352/340|327/314|302|289|277 


131.9] 3.83 |338]327/316)306 |295|285|274|264 
143.4 | 3.79 |367/355| 343/332 ]320|308)297|285 
395/382|369)/357 |344/331]319/306 
422/408] 394/381|367/353|340/326 


405]394|382/370/359|347|336|324|312 
437|424|412]399|386/374/361|348|335 
468] 454|440] 427|413|399|385/372/358 
498] 483] 468) 454/439|424/409/395|380 


479|467|454|441|429| 416|403)390/378 
514|500|486/472|459| 445|431/417|404 
547|532|518/503|488| 473] 459/444 |429 
j 01/485|469|453 
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560|546| 532/518/504| 491/477 | 463/449 
597|582|567|552|537|523| 508/493 |478 
632|617|601|585|569|553)| 538) 522/506 
668) 651| 634/617 |600| 583 | 566) 550/533 


646/631|616/601|587|572) 557 | 542/527 
685/670] 654/638 | 622|606| 590] 574/559 


724/707 | 690/673) 657 | 640] 623|606]589 
762|744| 726) 708/690] 672) 654/636)/619 
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463 
490 
516 
513|498 
543/527 
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CARNEGIE STEEL COMPANY 


SQUARE CAST IRON COLUMNS 


ALLOWABLE LOADS IN THOUSANDS OF PouNnDS 


By Formula of New York Building Law, 1916 
Weights do not include details 


— 
a 


Thick- se yess Test Effective Length of Column in Feet 
ness, |iches? | Root, |Radius, Wass Tener | | I> 
Inches Pounda| Inches} 8 | 10 | 12 | 14 | 1618 | 20 | 22 | 24 
| 
4 | 11.00] 34.4] 2.26 | 80] 76] 71 
54 | 138.44] 42.0| 2.21 | 98] 92] 86 
34 | 15.75] 49.2 | 2.17 |114]/107/100 
% | 17.94] 56.1] 2.12 |129)121]113 | 
5% | 15.94) 49.8 | 2.62 |120,114)108) 103) 
84 | 18.75) 58.6] 2.57 |141/134/127|/120 
R 20.44| 63.9] 2.53 |153)145 137/130 
1 24.00} 75.0} 2.48 |179/170/160 151) 
34 | 21.75] 68.0] 2.98 |168/161/154/147 140 
% | 24.94) 77.9) 2.93 |192|184]175 167 159 
1 28.00] 87.5] 2.89 |215/205/196 187 | 178) 
134 | 30.94] 96.7 | 2.84 |237/226/216|205| 195) | | 
% | 27.44] 85.8] 3.34 |215]/208|200/ 192/184) 176 
1 32.00] 100.0 | 3.29 |251/241|232/223|213)] 204 
1% | 35.44|110.8| 3.25 |277|267|256|246 235) 225 
1% | 38.75|121.1) 3.21 |302/291|279/268/256 244 
1 36.00] 112.5 | 3.70 |287|277|268/ 259) 249) 240/231 ists 
1} | 39.94/124.8| 3.65 |317/307|296|286|275| 265/254 
144 | 43.75|136.7 | 3.61 |347/336/324|312/301 289/277 
1% | 47.44/148.3| 3.57 137613631350 338/325) 312) 299 
134 | 44.44/138.9| 4.06 |358/347/337|326|316| 305|295|284 
134 | 48.75/152.3 | 4.01 |392/380/369|357/345| 334|322/310 
13% | 52.94)165.4| 3.97 |425|4121400/387/374| 361/348 336 
1% | 57.00)178.1| 3.93 |457|443|429| 416/402! 388/374 360 
114 | 53.78|168.1| 4.42 |437/426/414/ 402/391] 379/367 356 344 
134 | 58.44/182.6| 4.37 |475/462/449|436/| 423) 410 398/385 |372 
144 | 63.00/196.9| 4.33 |511]497/483 469/455) 441/427|/413/399 
1% | 67.44)210.8 | 4.29 |547|/532/516/501/486| 471 456 441/426 
13 | 63.94]/199.8| 4.78 |524/511/498/486|473 460 | 447 | 434/421 
144 | 69.00|215.6| 4.74 |565/551|537|523/509 495) 481)| 467 |453 
188 73.94|231.1) 4.69 |605/590|575|560/544) 529|514 499 |484 
134 | 78.75|246.1) 4.65 |644/627|611/5951579 562/546|530/514 
144 | 75.00|234.4| 5.14 |619]605/591/577/563 549|535/521|/507 
15g | 80.44|/251.4| 5.10 |663/648/633/618| 603 588|572|557 (542 
134 | 85.75|267.9| 5.05 |707|690|674/658 641| 625|609| 593/576 
1% | 90.94|284.2) 5.01 |749|731|714)]696 679) 662) 644|627|609 
154 | 86.94|271.7| 5.50 |722|707/6911676 661| 646|631/616|600 
134 | 92.75|289.8| 5.46 |769|7531737 721/704) 688|672|655 1639 
1% | 98.44|307.6| 5.41 |816|799|789 764|746| 729|711|694\676 
2 104.00/325.0| 5.37 |862/843/824 806 | 787| 769|750/731|713 
1% 99.75)311.7 | 5.86 |832/816/800 783 |767| 751| 734/718 /702 
1% |105.94|331.1]| 5.82 |884|s66 849|831)814| 796|779|761|744 
2 112.00} 350.0 | 5.77 |934|915|896 878|859| 840) 822|803/785/7 
2% |117.94|368.6| 5.73 |982 96319431923/903! 883/864|844|824 


| 
| 
| 
| 
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FLOOR CONSTRUCTION 


FLOORS AND FLOOR LOADS 


Kinds of Loads. Two kinds of loads are carried by structures. 
Live loads consist of the weight of carriages, cranes or other handling 
devices and their supported loads, machinery, merchandise, persons 
or other moving objects, the support of which is the purpose of the 
structure, including also wind stresses. Dead loads consist of the 
actual weight of the structure itself with the walls, floors, partitions, 


dead loads stress the structure at all times and it must, therefore, 
be proportioned to sustain them at all times without reduction. 
The live loads may be taken at their full values or reduced in 
accordance with the probabilities that the structure as a whole 
_ or its principal members will not be subject at all times to the full 
theoretical live loading. 


Dead Loads. The permanent load should be calculated from 
known weights per unit of the material composing floors, partitions, 


the steel frame itself should be checked after the sections are 
determined and then the sizes readjusted if necessary. 


Live Loads. Live loads vary with the character of the struc- 
tures. In buildings they consist of uniform loads per square foot 


foot of beams or girders. The load which produces the maximum 
bending moment or reaction is to be used in proportioning sections. 
The floor system between beams must of course be of sufficient 
strength to transmit any concentrated load to the beam. 


of buildings are fixed by public ordinances, and are given on page 
324 for the principal cities of the United States in accordance with 
the most recent building laws, which are intended to cover general 
conditions and do not include machinery or other concentrations. 
If such concentrations, like safes, armatures, generators, or printing 
presses, occur on floors, special provision should be made for them 
in the floor framing. Flat roofs of buildings which may be loaded 
with people, should be treated the same as floors and the same 


uniform live loads used as given in the table for dwellings, hotels | 


or assembly rooms. 


walls, or other permanent construction. The weight assumed for | 


| 
| 


roofs, and all other permanent construction and fixtures. The ‘4 


of floor area, concentrated loads, such as heavy safes, which may | 
be applied at any point of the floor, and uniform loads per lineal | 


Tn cities the minimum live loads to be used on the various classes | 


CARNEGIE STEEL COMPANY 


FLOORS AND ROOFS 
Minium Live Loans, PouNDS PER SQuARE Foor 
By Building Laws of Various Cities 


: eT, (oie saree yan ee fe 
ep En ene en ee Bios a Bo Zo 
Description of Building B8| 85 | 85|2 Sos gS|82/48 = & 
ta S eae x |a 3 
ee ES é J 2 
——— | 2s ees 
Apartment Houses, etc.: | | 
MLOORES Gate erent eee a 60 | 50 | 40 50 | 40 70 | 50 | 60 60 
Hospitals, Asylums: | 
BLOOLR yes <Necsrae ates < 50 | 60 70 | 70 | 60 
Assembly Rooms, etc.. . 100 80 120 | 14125 125: 
Hotels: 
PELOOPS enya wars iue ne eery aes 60 | 50 | 50]; 50) 40] 70| 70 | 60; 60 
Assembly Rooms, etec...| 125 | 100 | 100 80 | 100 | 120 125 | 100 (45) 
Factories: 
Floors, light manufacture. .| 125a) 125a| 100a| 125a) 120a) 120a| 125a) 150a} 125a 
- IMGAVICIP s orers cs 2 175a 200a 150a 250a 
Mercantile Buildings: 
we heavier goods...| 175 | 250 200 150 | 200 | 150 | 250 
Warehouse floors. ..... 250 | 250 200 150 | 200 | 150 | 250 
Office Buildings: 


HIG OLR Starve Sevaieiees ere eee 75 | 100 50 60 60 | 100 70 70 60 
Assembly Rooms, etc...| 125 | 125 | 100 | 100 | 100 | 120 | 125 | 100 | 125 


Public Assembly Halls: 


Auditoriums, fixed seats} 75 | 125 | 100 80 | 100 | 120 | 125 | 100 75 
“movable seats 125 | 125 | 100 | 100 | 100 | 120 | 125 | 100 | 125 

Churchesiat erie ac 75) | 125 | LOO 80 | 100 | 120 | 125 | 100 Yas) 

Dance and Drill Halls. . 200 | 100 | 150 150 

AR Oa GELS eerie cha 7) | 125° | 106 80 | 100 | 120 | 125 | 100 TAD 
Schools: 

GlasssROOMS: oe. 25 6 7 60 | 40 | 60} 75 ay |" ke 100 75 

Assembly Rooms, ete...| 75 | 125 75 80 | 100 | 120 | 125 | 100 | 125 
DlGewallesa. ase we 200 200 | 300 150 
Stables, Garages, etc..... 100 100 80 125 1@5) 
Stairways, Fire Escapes. . 70 | 100 80 
Roofs: 

Flat, slope under 20° ..| 40 | 40] 25] 40] 40] 30 50c} 40 | 30 

Steep, slope over 20° ..| 20 25d| 40d! 30] 30d} 50c 20 
MWindsPressure eyes 30 20 30e| 30 30e| 25 30 || 20 


Stores, light goods.... 125 | 125 | 100 | 100b) 120 | 120 | 125 | 150 | 125 

‘ 

a Floor loads do not include weight or impact load of machinery. 

b Ground or First Floor: Baltimore 150, Cleveland 125, St. Louis 150 pounds. 

c Dead and liveload; snow load 25 pounds, reduced 1 pound for each degree between 20° and 45°. 

d Load per square foot of superficial roof area; other roof loads are for the projected area. 

e Wind pressure for high buildings in built-up districts 35 pounds: buildings 14 stories high or 
over: 25 pounds at tenth story, 244 pounds less each story below. 
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FLOOR CONSTRUCTION 


Reduced Live Loads. Floor beams in buildings should be computed 
to sustain floor by floor the full live and dead loads. It is not 
probable that all the floors will be fully loaded at all times, and, 
therefore, good practicé permits a reduction of the theoretical live 
load in the computations of column sections. The New York and 
Pittsburgh building laws do not permit any reduction on columns 
supporting the roof and top floor. These building laws permit for 
buildings more than five stories in height on columns supporting 
each succeeding floor a reduction of 5 per cent of the total live floor 
load until 50 per cent is reached, which reduced load is to be used 
for the columns supporting the remaining floors. Pittsburgh build- 
ing law, however, does not permit any reduction of live floor loads 
over 150 pounds per square foot (bulk storage). The Chicago 
building law requires columns to sustain the full live load on 
roofs, 85 per cent of the full live floor load on the top floor with a 
5 per cent reduction on each succeeding floor down to 50 per cent. 

When the character of the loading will permit, it is also considered 
good practice to reduce the live load on the main girders to which 
the primary supporting beams are framed. The amount of the 
reduction will depend on the probable distribution of the loads. 

Foundation Loads. Footings should be so designed that the loads 
they sustain per unit of area shall be as nearly uniform as possible, 
and the dead loads carried by the footings should include the actual 
weight of the superstructure and foundations down to the bottom 
of the footing. The live load should be assumed to be the same as 
the live load in the lowest tier of columns or in the footings under 
walls. According to the proposed New York building law, the 


area of the footing which has the largest percentage of live load to | 


total load shall be determined by dividing the total load by the 
unit working stress. From the area thus calculated all the other 
footings of the building shall be proportioned according to the 
ratios of their respective dead loads only. In no case shall the 
load per square foot under any portion of any footing due to the 
combined dead, live, and wind loads, exceed the safe sustaining 
power of the soil upon which the footing rests. 


Fireproof Floor Systems. A modern office or mercantile building 
is essentially a steel framed structure which supports the dead load 
of the building and its contents and is itself protected on all sides 
by refractory materials. The floors are made fireproof by the use 
of terra cotta tiles or arches or of a composite flooring made of 
concrete or reinforced concrete. While brick arches may still 
be used in special locations where great floor strength is needed, 
and concrete arches are sometimes thrown between the beams, 
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modern practice is limited substantially to the hollow tile arch 
sprung between the beams and the reinforced concrete slab laid 
on their tops, the ceiling construction being modified to suit. 
Each system has advantages of its own. 


Terra Cotta Arches. Hollow tile arches fill the total depth of the 
floor beams, and, therefore, tend to stiffen and brace the building; 
their weight per square foot is ight as compared with other forms 
of fireproof floor construction of equal strength. Hollow terra 
cotta floor arches are made either flat or segmental. The segmental 
arch will develop much greater strength than the flat arch of the 
same width and depth, and may be designed to carry a given load 
with tile of less depth than flat arches. They are, therefore, 
more economical, though not always acceptable from the stand- 
point of architectural appearance. In office buildings the ceilings 
under such arches are usually suspended. A correctly designed 
and constructed flat arch will always develop the full strength of 
the steel beam which supports it. 


When arch blocks are the same depth as the beams, they are 
usually laid to project 14% inches below the bottom of the beams, 
and the space above the arch is filled in either with cinder concrete, 
in which can be laid pipes, conduits, and wooden nailing strips 
supporting wood flooring, or with thin terra cotta blocks made for 
this purpose, or with a layer of plastic composition of cement, 
which forms the wearing surface for the floor. 

Thrust of Floor Arches. All forms of terra cotta arches produce side 
thrust on the floor beams. In the flat arch the blocks have tapered 
faces and the central block or key wedges the others together; in 
the segmental arch the thrust is that due to all arch action. These 
thrusts it is found necessary to counterbalance by means of tie rods 
which connect the floor beams and relieve them from the tendency 
to deflect sidewise. In the central bays, owing to the action of 
adjacent arches, the tie rods are sometimes omitted, but it is 
necessary to investigate outer beams and channels around openings 
for additional thrust stresses so that the combined fiber stresses 
produced by vertical loading and horizontal thrusts may not be 
excessive. With flat arches 34 inch tie rods spaced apart not over 
fifteen times the width of the beam flanges will usually be sufficient. 
The total thrust of arch, the net area of tie rods required, the maxi- 
mum distance between tie rods and the section of outer beams for 
any condition, may be found as follows: 
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Let 
w _ =!load on arch, in pounds per square foot. 
L  =span of arch, in feet. 
Lp =length of floor beam supporting the arch, in feet. 
R  -=effective rise of arch, in inches. 
p ==thrust of arch per lineal foot, in pounds. 
P  -=total thrust of arch per panel, in pounds. 
A  =total net area of tie rods per panel, in square inches. 
a _==net area of one tie rod, in square inches. 
Ls spacing of tie rods, center to center, in feet. 
it —allowable combined fiber stress not to exceed 16,000 pounds 
per square inch. 
S11 Section Modulus of beam, axis 1-1, in inches’. 
So-2 —Section Modulus of beam, axis 2-2, in inches*. 


M,.1—Bending Moment due to vertical loading, inch pounds. 
Mo.2—Bending Moment due to arch thrust, inch pounds; then, 


2-2 


Dow __ 3wl?Lp 
ee ae hy Seen 
wane 3swl?Lp __ wl?Lp 
es 2fR 10667R, 

F efaR, __ 10667aR 
‘is 3wL? wl? 
WY 3 
M ee Es Conk Lb) __ sul tb 


Mep—2is ls) — pL 


NGS! 


f as iL 
S1-1 


Mo2-2 
S2-2 


In the formula given for M2-2, 
and supported at intervals by t 
the effective rise is equal to t 


the beam is considered continuous 
he tie rods. In segmental arches 
he vertical distance between the 


highest point of the concave surface and the springing line or chord ; 
the effective rise of a flat arch may be taken at 2.4 inches less than 
the arch depth. 

The net areas of usual sizes of tie rods are as follows:— 


Diameter of Rod, Inches 5% | 34 | % 1 


0.302 | 0.420 0.550 


Net area, a, square inches.....-- 
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Exampie.—A floor panel 18 feet by 6 feet, made of 12 inch flat terra cotta 
blocks, is to support a uniform load, live and dead, of 150 pounds per square 
foot. Required the total thrust, total area of rods per panel, maximum 
spacing of rods, and the proper size beam to carry one-half of the panel without 
other lateral support than the tie rods. 

Entire panel load is 18x6x150—16,200 pounds. Assume a 12 inch 31.5 
pound beam and %% inch tie rods, then we hayve— 


3x150x6x6 
Thrust of arch per lineal foot, p F104) 840 pounds. 
3x150x6x6x18 = 
Total thrust of arch, 12 2(12—2.4) ==15,200 pounds. 
; nN 150x6x6x18 95 aredniches 
» Ss SSS ee ee 5 
Total area of tie rods, 10,667 (12—2.4) 5 squar 
10667x .302x(12—2.4) 
Maximum spacing of tie rods, Lg= 150x6x6 == sf d LOCUs 
Sx 2 
Bending Moment, vertical loading, My p= ES ORISA 218,700 in. lbs. 
Bending Moment, horizontal thrust, M»-s | 27,580 in. lbs. 


; > 218,700 , 27,580 
Combined fiber stress, f=—3G . 3.8 
If tie rods are spaced 6’ 0” centers, then the 
Bending Moment, aes thrust, Mo-2—=840x6x6==30,240 inch pounds. 
ae ee 


—=13,330 pounds per square inch. 


Combined fiber stress, fae 0 —=14,030 pounds per square inch. 


When used, tie rods should be placed in the line of thrust if 
possible, usually 3 inches above the bottom of the beam. 


MAXIMUM SPACING OF 8 INCH TIE RODS, 
Loaps OF 100 PoUNDS PER SQUARE Foot 


Effective Rise of Arch, R, in Inches 

Span, 

Feet | 4 5 6 7 8 9 io | ii | 12 | 43°) te) as 
3 14.3 
A Sek | LOD |) ea | a ae 
5 5.2 6.4 (ate 9.0] 10.3 | 11.6 | 12.9 | 14.2 
6 38.6] 4.5| 5.4] 6.3 Zoek | Gea 8.9 9.8 | 10.7 | VLi6)) 12.5 | ts.4 
7 oso) 3:9)} 4:6) -5:3)] 5.9)| 6:6)" 7228) 720i) Sto) O27 R959 
8 3.0)) 3-5 |! “4.0)|) 4.5: 5:07) 75.591) 6.01/96. 5 7 Ollie 
9 3.2 3.6] 4.0) 44] 4.8} 5.2 5.6 6.0 

10 3.2 3.5| 3.9) 4.2 4.5 4.8 


For any other loading, multiply tabular values by 100 and divide 
by total new load per square foot. 

The tables which follow give the weights per square foot for terra 
cotta arches, both flat and segmental, of various depths, their area 
in square inches, and the safe loads they will sustain on various 
spans. These tables should be used as a general guide only, as 
conditions may make it possible to design more economical arches 
for a given load than indicated by the tables. Where a paneled 
ceiling is not objectionable, for example, a shallow arch may be used 
on raised skewbacks with a considerable economy in material. 
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FLAT TERRA COTTA ARCHES 
MANUFACTURERS’ STANDARD 
Sare LoAaDs IN POUNDS PER SQuarRE Foor 
Factor of Safety = 7 


Depth of Arch Blocks, Inches 

Span a 5, ap 
a | 6 i 8 9 10 12 15 

Arch, | Area of Arch Blocks, Square Inches 

Ft.-in 

31 34 37 40 43 | 49 58 

3-0 458 588 ToD 901 1084 1487 2210 ‘ 
3-3 386 496 622 763 916 1262 1877 
3-6 330 A424 531 653 785 1083 1612 
3-9 284 365 459 565 679 938 1398 
4-0 247 318 399 493 593 820 1233 
A-3 216 278 350 433 521 722 1079 
4-6 190 245 309 382 461 640 951 
4-9 168 217 274 340 410 S71 855 
5-0 149 193 244 304 367 511 767 
5-3 172 218 272 330 460 691 
5-6 154 196 245 297 416 626 
5-9 139 176 222 269 378 569 
6-0 159 201 244 344 518 
6-3 144 183 222 314 474 
6-6 131 166 203 287 435 
6-9 152 186 264 400 
7-0 139 170 243 369 
7-6 144 206 315 
8-6 153 236 
9-0 132 205 
9-6 180 

10-0 158 


This table and the two following are employed in computing the 
safe loads of floor arches of hollow terra cotta blocks. The area 
given is that of a cross section at right angles to the webs, and, 
generally, end-construction blocks of various shapes but of the same 
depth and cross-sectional area have equal strength. 

The weight of the terra cotta arch has been deducted from the 
safe load given in the tables, so that only the dead load of the 
concrete fill, plastering, etc., must be deducted to obtain the net 
safe live load for any arch and span; blocks of different areas and 
for other factors of safety are calculated as follows: 


Exampie.—Required the load per square foot for a 5/-6” span and 8 inch 
arch blocks with three horizontal and four vertical webs, 34 inch thick, set in end 
construction, cross-section through webs of blocks parallel to webs of beams. 

Sectional area of the blocks is 8’’x 34/’x4+ (12’"-4x 34/')x 34/x38==44.25 sq. in. 
at 0.06 pounds per cu. in., the weight is 44.25x12x0.06==32 pounds. 

The net safe load of the 8 inch block given in the table is 196 pounds. 
Adding the weight of the block, 37x12x0.06—=26 pounds, the total safe load is 
222 pounds. The net safe load for blocks with an area of 44.25 sq. in. and a 
safety factor of 5 is (44.25 + 37x222x7/5)—32—=340 pounds per sq. ft. 
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= — a 
SEGMENTAL TERRA COTTA ARCHES 
MANUFACTURERS’ STANDARD 
Sarge Loaps IN PouNDS PER SQuARE Foot 
Factor of Safety=7 

Depth of Arch Blocks, Inches | Depth of Arch Blocks, Inches 

Span | Rise Span | Rise : 
of of es 6 | 8 | he of of # 6 if 8 ae 
Arch, | Arch, | Area of Arch Blocks, Sa. Inches Arch, | Arch, | Area of Arch Blocks, Sq. Inches 
I elieg | hee || Ft.-In. | In. . 
28 36 | BP eta 28 | 36 43 47 

3 | 702| 902| 1078| 1178| 34 | 366 | 471| 563] 615 

1 920 | 1184] 1414] 1545 | 1 482 | 621| 741] 810 

1% | 1155] 1485|1774| 1939] _ 1% | 602 | 774| 925] 1011 

4-0 | 11% | 1353|1740| 2079| 2272|| 7-6 | 1% | 715 | 920] 1099] 1201 
134 | 1545| 1986| 2373 | 2593 | 134 | 815 | 1049| 1253 | 1369 

2 1736 | 2233 | 2667 | 2915 ees 915 | 1176| 1405| 1536 

| | 

3% | 616| 792 | 946 | 1034 | 3¢ | 341 | 439| 525| 573 

1 812| 1044 | 1247] 1363 | 1 457 | 588| 703| 768 

11% | 1020] 1313 | 1568| 1713} 1% | 562 | 724) 864| 944 

4-6 | 11% | 1196| 1539/1838! 2009|| 8-0 | 114 | 668 | 859] 1026] 1122 
134 | 1381] 1775| 2121] 2318 134 | 767 | 987| 1179| 1288 

5 1536 | 1975 | 2359 | 2578 | 2 854 | 1099] 1312| 1434 

34 | 551| 709| 847] 926} 34 | 319 | 411| 491| 536 

1 744| 957| 1143] 1249 | 1 428 | 551| 658| 719 
4 1% | 911] 1172| 1400] 1530) _ | 1% | 527 | 678] 810} 885 
5-O | 11% | 1072] 1379| 1647| 1800|| 8-6 | 114 | 626 | 806] 963| 1052 
134 | 1238] 1592| 1902| 2078 134 | 719 | 926/ 1106| 1208 

2 1379 | 1773 | 2118 | 2315 2 807 | 1037} 1239] 1354 

\ 

34 | 499] 641| 766] 837) 34 | 300 | 386| 461] 504 

1 672| 864} 1032| 1128 1 403 | 518| 619| 677 

5.6 | 124 | 826] 1062| 1269] 1387 14% | 501 | 645) 770| 842 
id 114 | 984] 1266/ 1'512|1652|| 9-0 | 116 | 590 | 758| 906| 990 
134 | 1119] 1439] 1719] 1879 134 | 677 | 871| 1041| 1137 

2 1258 | 1619] 1933| 2113 2 759 | 977) 1167] 1275 
34 | 455| 585| 699| 764 34 | 283 | 364| 435) 475 
1 612] 788} 941] 1028 1 380 | 489] 584| 638 
go | 14 | 753) 969] 1157 | 1265 1% | 472 | 608| 726| 793 
S 1% | 898] 1154] 1379|1507|| 9-6 | 114 | 561 | 721] 862] 942 
13¢ | 1022] 1315| 1570| 1716 134 | 639 | 823] 983] 1074 
2 1148 | 1476 | 1763 | 1927 2 717 | 923) 1102] 1204 
34 | 428] 551| 658| 719 34 | 267 | 344] 411] 449 
1 562| 724| 864| 944 1 359 | 462] 552] 603 

ee | 1% | 701| 902| 1077) 1177 11% | 447 | 576| 688) 751 
14 | 823] 1058| 1264] 1382|| 10-0 | 114 | 531 | 683] 816| 892 
134 | 947| 1218] 1455| 1590 134 | 610 | 784| 937] 1024 
2 1055 | 1358 | 1622 | 1772 ~ 1B 683 | 879| 1050! 1147 
34 | 394] 508] 606| 662 34 | 251 | 330] 394] 429 
1 520| 669| 799] 873 il 342 | 442] 528] 577 
ay 14% | 648] 834! 996] 1089 1% | 426 | 547] 655| 717 
cI 1% | 762| 981) 1171|1280|} 10-6 | 114 | 504 | 646] 776| 849 
1% | 876] 1127| 1346] 1471 13% | 581 | 749| 891] 974 
3 983 | 1264] 1510! 1650 2 650 | 837! 1000! 1092 
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SEGMENTAL TERRA COTTA ARCHES—ConcuvupeEp 


: Depth of Arch Blocks, iene | Depth of Arch Blocks, Inches 
Span | Rise —|| Span | Rise 
Peinle ee fee 6 eae aa ere elas ay hy io 
me ee Area of Arch Blocks, Sq. Inches caged ee Area of Arch Blocks, Sq. Inches 
28 36 43 47 28 36 43 47 


| 


3, | 244 | 315 | 376 | 411] 


Xoo 
BA 


151 | 194 | 232 | 254 


il 327 | 421 | 503 | 550 1 205 | 265 | 316 | 345 
134 | 404 | 519 | 621 | 678 1% | 256 | 330 | 394 | 430 

11-0 | 11% | 479 | 617 | 737 | 805] 17-0 | 11% | 304 | 392 | 468 | 512 
134 | 551 | 709 | 847 | 925 134 | 351 | 452 | 540 | 590 

D 617 | 794 | 948 | 1036 2 393 | 506 | 605 | 661 

34 | 233 | 299 | 358 | 391 Bye || aici || aie) || ale || Bere! 

312 | 401 | 480 | 524] 1 192 | 248 | 296 | 324 

114 | 388 | 499 | 596 | 652 11% | 240 | 310 | 370 | 404 

11-6 | 114 | 460 | 592 | 707 | 773] 18-0 | 11% | 287 | 370 | 442 | 482 
134 | 528 | 680 | 812 | 887 13% | 330 | 425 | 507 | 554 

2 591 | 761 | 909 | 993 2 371 || 477 |) 570) || 623 

34 || 2p) || Soe || al | Br 8, 184 |) 173) | 206: )225 

1 297 | 383 | 458 | 500 1 181 | 233 | 279 | 304 

14% | 370 | 477 | 569 | 622 11% | 227 | 293'| 350 | 382 

12-0 | 114 | 439 | 566 | 676 | 738|| 19-0 | 114 | 271 | 348 | 416 | 455 
134 | 505 | 649 | 776 | 848 134 | 312 | 402 | 480 | 524 

2 565 | 727 | 869 | 949 2 351 | 451 | 539 | 589 


212 


ey 22 273: | 326 356 © 
172 | 221 | 265 | 289 


Xoo 
co 
pen 
i) 
[or] 
— 
D 
w 
H 
Ko) 
rs 


1 284 | 366 | 437 | 478 1 

1% | 354 | 456 | 545 | 595 ive | nls |) aie | Sea || BiG! 

12-6 | 114 | 420 | 541 | 646 | 706|| 20-0 | 116 | 257 | 330 | 395 | 431 
ee |) ARS} || Gel vee) ENGI 13% | 296 | 381 | 455 | 497 

2 541 | 696 ; 832 | 909 2 332 | 427 | 510 | 558 
ag\203 | 261) |yal2 340 4% | 119 | 153 | 183 | 200 

1 272 | 351 | 419 | 458 1 163 | 209 | 250 | 273 

ive || SR) | eve || ee | 1% | 205 | 263 | 315 | 344 

13-0 | 114 | 403 | 519 | 620 | 677|| 21-0 | 114 | 243 | 314 | 375 | 409 
13 | 463 | 596 | 712 | 778 134 | 281 | 361 | 432 | 472 

2 521 | 670.| 801 | 875 2 315 | 406 | 485 | 530 

34 | 186 | 240 | 287 | 313 a4 | 113) 145 | 174 | 490 

1 253 | 326 | 390 | 426 1 154 | 199 | 237 | 259 

11% | 315 | 406 | 485 | 530 11% | 194 | 250 | 298 | 326 

14-0 | 114 | 374 | 482 | 575 | 629] 22-0 | 11% | 232 | 299 | 357 | 399 
134 | 430 | 553 | 661 | 722 134 | 268 | 344 | 412 | 450 

2 481 | 619 | 740 | 808 2 301 | 377 | 462 | 505 


181 
147 | 190 | 227 | 247 


ING 
i 
(=) 
oo 
_ 
w 
No} 
i 
lop) 
for) 


3% | 174 | 225 | 268 | 293 


1 234 | 302 | 361 | 394 1 
1% | 292 | 377 |.450 | 491 1% | 185 | 238 | 284 | 310 
15-0 | 114 | 347 | 447 | 534 | 583] 23-0 | 114 | 221 | 284 | 340 | 371 
134 | 401 | 515 | 616 | 673 134 | 255 | 328 | 392 | 428 
2 449 | 577 | 690 | 754 2 286 | 369 | 440 | 481 
34 | 162 | 209 | 249 | 272 3g 1) 1029) 132 | 157 | 172 
1 218 | 281 | 336 | 367 i 140 | 181 | 216 | 236 
1% | 274 | 353 | 421 | 460 ie Nl Tie | Bar || Sie || Bon 
16-0 | 114 | 325 | 419 | 500 | 546] 24-0 | 134 | 211 | 272 | 325 355 
134 | 374 | 481 | 57 628 134 | 244 | 314 | 375 | 410 
2 420 | 540 ! 645 | 705 2 274 | 353 | 421 |! 460 
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TERRA COTTA ARCHES 
For 
Floor Load of 150 Pounds per Square Foot 


| 
| 
| 
| 


| | Approx, Weight, Lbs, per Sq. Ft. 
=— Depth | Depth | Depth | Span ie = - 
jes q of |of Arch} of | of S| 2] » 
es; @ | Beam, | Blocks,| Floor, | Arch, | 3/28] § | 5 | 8 | 3 
ae 5 ~ | Inches | Inches | Inches | Feet | 2 os S = lus 
-_ | | 
Ee 4] ae 6 6 | 1 | 5%] 6/22/30/ 4] 5 | 67 
sa fe oe 7 6 12 | 5% | 7/22/38) 4/5) 76 
. Sal iti lla wees 8 6 13 54% | 8|22|45] 4] 5 |%84 
ote tLe | 30 = ba ¢ | 
O jeer 85 7 7 12 6 8 | 24/30] 4 | 5 71 
Sige i i) 4a, 8 7 19) G.. | Sea 884.4 PB ees 
Ge ou | 86 9 7 14 | 6 |) S24 Was eas ian ese 
Hive | O8 | 8g 8 13 | 6%| 8/27/30| 4/5] 74 
4 00 ae) 8 g | 14 | 6% | 8|27/38/ 4/5] 82 
& [tist2aq 8S 10 8 15 | 63% | 8|27|/45| 4/5] 89 
sf nf Bia 9 9 14 | 734.) Sues soil 4 [e50) 76 
et td BS 10 9 is | ie ON So hssh Aas 
esas = i, ae 9 17 | 7346 |) 9) 29.53 | 4 5) 100 
ee i | Soule 10 15 | 8 | 9/31/30) 4]5 | 79 
Son Lad = to eG i | & | 94) Si 45) 4) 5) 04 
wy e £ bh , | = | ~ 
——— 12 12 17 9% |10|35/30| 4/5 | 84 
eet 8 15 12 20 | 934 |10|35/|53| 4 | 5 | 107 
(Sl ds. | 2OunL oe 12|/42130! 415 | 93 
For flat arches on raised skews, where the top of the arch is level with the top of the floor beam, 


deduct about 7 pounds per inch of difference between the height of the floor beam and the arch, 


Depih | Depth Rise Seen Approx. Ae SR q. Ft, 

= of of Arch hey i) Gn Since hares 
ie Beam, | Blocks, | Arch, Arch, a |S Slee | By a rs 
® Inches | Inches | Inches | Feet | 83 |8S| 8 |] & | ‘a | 8 
Q mM |HO!] O By Oo a 

= i 

E© Go A | ee Aa 20 a7 aay 63 
iH | 5 7 4 1 5 7|20|28| 4 | 5 | 64 
2 3e 8 4 1% | 5% 7/20/29] 4 | 5 | 65 
= | $3 9 4 WA | te S520 S30) | ee sean 
a ae 8 6 89) 5 81/263) 27 |) 4 ls) 720 
za Ss 9 6 1 54% | 8/26/28] 415 | 71 
= =e 10 6 1344 | 6 CR Se) || Ze || Fe 
I Ce 12 6 1% 6% 9|26|30| 4 | 5 | 74 
a ae 10 8 8% | 5% OMEST No 7ale4ae | Slee 
q cs 12 8 1 6 9) St 284 seine 
wR % 12 8 1% | 6% |10/31]29| 4 | 5 | 79 
a 15 8 aN 10| 31) 30| 4 | 5 | 80 
} 12 10 % | 53% | 10) 384/27) 4 | 5 | 80 
IS 12 10 1 6% | 11/34/28] 41! 5 | se 
15 10 shia 1 G6 HGS 2420) aes ees 
x = 15 10 1% | 7% |12/34|30! 4 | 5 | 85 

TERRA COTTA PARTITION, CEILING, ROOFING AND 

FURRING BLOCKS 


Thick- Approx, Weight, Pounds per Sq, Foot || Thick- | Approx. Weight, Pounds per Sq. Poot 


ness, Te i Z ness, Be Ea ; 
Inches | Partition) Ceiling | Roofing | Furring || Inches | Partition| Ceiling | Roofing | Furring 


14% 9 4 16-18 22 
2 12-14 12 10 5 18-20 
3 TO=17 20 20 6 24-26 
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REINFORCED CONCRETE BEAMS AND FLOOR SLABS 


For a complete mathematical analysis of the stresses occuring in 
reinforced concrete structures, reference may be made to standard 
text books on the theory and practice of reinforced concrete. 

Girders and Floor Beams. The arrangement of girders and floor 
beams follows the same principles as in structural steel construction. 
On short spans floor cross beams may be omitted or used only at 
columns to secure lateral stiffness. Beams are usually designed as 
tee beams, and thereby a part of the floor slab is utilized as a part 
of the beam. The width of the slab thus considered to act as part 
of the beam should not exceed one-fourth of the span length, and 
the overhanging width on either side of the web should not be over 
six times the thickness of the slab. 

Floor Slabs. Reinforcement may be of small rods, wires or metal 
fabric, the latter especially on short spans. Cross reinforcement of 
small rods or wires about two feet apart laid parallel to the beam 
supporting the slab should be used to prevent cracks, shrinkage, 
etc. If the length of the slab exceeds 114 times its width, the 
entire load should be carried by transverse reinforcement. For 
rectangular slabs, the length of which does not excccd 114 times the 
width and which are supported on four sides and reinforced in both 
directions, the proportion of the load is determined by the 
formula: R=l/b—0.5, where R is the ratio of the load, | thelength | 
and 6 the width of the slab. An effective bond should be provided 
at the junction of beam and slab, and if the principal reinforce- 
ment of the slab is parallel to the beam, transverse reinforcement 
should be used extending over the beam and well into the slab. 

Spacing of Reinforeing Bars. The lateral spacing of parallel bars 
| should not be less than 3 diameters, nor should the clear vertical 
space between layers of bars be less than 1 inch; distance from 
edge or side of beam or slab should not be less than 2 diameters. 

Shear or Web Reinforcement. In the calculation of web reinforcement, 
concrete may be assumed to carry }4 of the total shear; the 
remaining 24 to be taken by additional reinforcement arranged in 
intervals equal to the depth of the beam. The usual method of 
reinforcing beams against failure by diagonal tension or shear is 
to use bent rods or stirrups in either vertical or inclined position. 
The longitudinal spacing of such rods or stirrups should not exceed 
34 of depth of beam if inclined, and 14 of depth if vertical. 

Formulas. The following formulas are those given by the 
Committee of the American Society of Civil Engineers on Concrete 


and Reinforced Concrete (Transactions, Vol. LXXXI—No. 1398, December, 1917.) 
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REINFORCED ConcRETE BramMs—NOTATION 


Rectangular Beams, Reinforcement for Tension only. 

f, ==Tensile unit stress in steel, in pounds per sq. inch. 

fe ==Compressive unit stress in concrete, in pounds per sq. inch. 
Es Modulus of elasticity of steel, in pounds per sq. inch. 

Ee =Modulus of elasticity of concrete, in pounds per sq. inch. 
n =Elasitcity ratio, Es+Ec. | 
M =Bending moment or Moment of Resistance, in inch pounds. 
M;—Moment of resistance of steel, in inch pounds. 
M-—Moment of resistance of concrete, in inch pounds. 

A, =Area of steel in tension, in square inches. 

b =Width of beam, in inches. 


d Depth of beam to center of steel in tension, in inches. 

k =Ratio of depth of neutral axis to effective depth, d. 

j  —=Ratio of lever arm of resisting couple to depth, d. 

z Distance, from top to resultant of compression, in inches. 
jd —Arm of resisting couple, in inches=d—z. 

p Ratio of areas, steel in tension to rectangle, bd,—=A+bd. 


kd —Distance from top of beam to neutral axis, in inches. 


Tee Beams, Reinforced for Tension only. 

b Width of flange, in inches. 

b’ =Width of stem, in inches. 

t ==Thickness of flange, in inches. 


Rectangular Beams, Reinforced for Tension and Compression. 


A’ =Area of steel in compression, in square inches. 
| 


p’ =Ratio of areas, steel in compression to rectangle, bd,—=A’+bd. 
f, ==Compressive unit stressin steel, in pounds per sq. inch. 
C =Totalcompressivestress in concrete, in pounds persq.inch. 


C’ =Total compressive stress in steel,in pounds per sq. inch. 
d’ =Depth to center of steel in compression, in inches. 
z ==Depth to resultant of C+C’, in inches. 


Shear and Bond. 
V =Total shear, in pounds. 
V’ =Total Shear producing stress in reinforcement, in pounds, —24V. 
vy =Shearing unit stress, in pounds per sq. inch. 
u ==Bond stress per unit surface of bar, in pounds per sq. inch. 
> =Sum of perimeters of tension bars, in inches. 
al 
8 


=Total stress in single reinforcing member, in pounds. 
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| 
REINFORCED CONCRETE BEAMS—FORMULAS 


Rectangular Beams, Reinforced for Tension only. 


ae kd =d(;/2pn+ (pn)? —pn) 
Z =tkd jd—d (1-}k) 
| M —f,A,jd = fspjbd2 
M = 2fekjbd? 
| Alaa Sa eee 
a= Ral pjbd2 
2M 2pt 
te ep ee SS Oe 
Ce kbd2 | oe k 
Balanced Reinforcement: 7 , 
Steel ratio, p= 2 78 | S44) 3— M— _M 
Te | tet : ne fspi He Kj 
Tee Beams, Reinfored for Tension only. : 
(bea \ 2QndAg + bt2 
+ ka =—S 
Z 2nAg + 2bt 
Peak 
| Neutral axis in flange— 
ig (use formulas for rectangular beams.) 
i) 
zey Neutral axis in stem-—— 


t@kd—2t) jq — @-2) 


4 = "3 (@kd—t) 
fen(1-k) 
; M ae c 
M=f,Asid Lae er 
f,bt (kd —3t)jd t Mkd fk 
Ne ee ancl ann ne ¢ ~~ pt(kd-3t)id ~ nd-k) 


Rectangular Beams, Reinforced for Tension and Compression. 
ie 
ia 
kd =4[\an@+p’G) +m +p’? -nip+p" | 


a’ 
4ksd+2p/nd’ (k—q) 


= a jd—=(d-z) 
k2+2p/n (k— aT) 
f= M a nfe(1—k) 
s ~ pibd# eo 
¢ 
_ Bete 
ff’, = E 
Ree 6M. : 
Cina 7 a’ d 
baz [3k-ke +P ap) eg ) 
Shear and Bond. v V's ss Vv 
Rectangular Beams v= bia de u= jd So 
oan aon ae. V's u= Ve 
T Beams Va pia Sr = F550 | 
If reinforcing bars are bent up at angles between 20° and 45°,and web members inclined at 45°, | 
8V’s 
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The formulas are based upon the following assumptions: 

1. The applied forces are perpendicular to the neutral plane. 

2. The deformation of any fiber is proportional to its distance 
from the neutral axis. 

3. The resisting moment of the beam is the sum of the moments 
above the neutral axis, due to the concrete area in compression, 
and of those below the neutral axis, due to the steel area in tension. 

4. The tensile strength of the concrete is negligible. 

Bending Moments. If slabs and girders are reinforced over supports 
to take care of negative bending moments, they act as continuous 
beams, and the bending moment at the center of the span will be 
reduced. Itis considered good practice to use the following values: 

Floor slabs, M at center and at supports=;; wl?. 

Beams, M at center and at supports; wl? for interior 
spans, and 7; wl? for end spans. 

If beams are freely supported at ends, M==} wil?. 

Columns. Columns may be reinforced by means of longitudinal 
bars, by bands or hoops, or by both. The general effect of the 
banding or hooping is to permit the use of somewhat higher working 
stresses; the values of As and p given in the formula which follows, 
refer to longitudinal steel reinforcement only: 

P =total load on columns, in pounds. 

A ==total area of column section, in square inches. 

Ac=area of concrete, in square inches. 

As==area of steel, in square inches. 

p =ratio of steel area to total section, Ag+ A. 

fe unit compressive stress in concrete, in pounds per sq. inch: 


P =fe(ActnAs)=feA[1+ (n-1)p]. fe= 


eee 
A{1-+ (n-1)p]. 

Working Stresses. The following working stresses are in current use 
for reinforcing bars of medium structural steel and good Portland 
cement and gravel concrete of a 1:2:4 mixture: 


fe—unit compressive stress of concrete... ...... 650 Ib. sq. in. 
fy—=unit shearing stress of concrete, 
straight horizontal reinforcement ... Aes ee 
special shear reinforcement......... 90to 120“ ‘ « 
fu=unit bond stress of concrete, smooth 
rods and deformed bars............ SO onl OOM ames 
fs =unit tensile stress of steel............. LOS 00 ORs ss aice 
rod reinforcements <e.: ¢4c,y.eewias LG O00 as ac 
Wire reinforcement.................. PAOOO) 2 6G" G6 
fx—=unit compressive stress of steel....... LGVOOO Races ce 
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Substituting in the formulas given for rectangular beams, reinforced 
for tension only, the values for fc==650, fs—=16,000 and (20,000, and | 
n=15, the following constants are obtained for equal moments of 
resistance Mc—=Ms. 


~ fo—=650 a: 
Notation ae Notation ree 
fs—=16,000 | fs—=20,000 fs—=16,000 | fs=20,000 | 
p Coe tae a 0.00672 | 0.00474 
k 0.37864 | 0.32773 kj 0.33085 | 0.29193 
q 0.87379 | 0.89076 fispj—ifekj 107.526 | 94.877 


For approximate calculations, the arm of the resisting couple, jd, may be 
taken at 0.9d, and ordinarily accepted working stresses of 16,000 for steel 
and 650 for concrete will not be exceeded if the steel ratio, p, does not 
exceed 0.008. 

Explanation of Tables. Reinforced Concrete Slabs: The tables 
given on page 338 are based upon the preceding formulas for rect- 
angular beams reinforced for tension only, and upon fiber stresses of | 
650 pounds per square inch for concrete, 16,000 pounds for steel bar or 
rod reinforcement, 20,000 pounds for steel. wire reinforcement, and 
for an elasticity ratio of n=15. 

The bending moments are given in foot pounds per foot of width; 
below and to the left of the zigzag lines the values are determined 
by the maximum allowable fiber stress on steel; above and to the 
right they are determined by the maximum allowable stresses in 
concrete. 


The first column gives the total thickness of the slab, the sec- | 


ond, the distance from the center of the steel to the bottom of the 
slab, and the third the approximate weight of concrete slabs one 


foot square. 

Exampir.—Required the reinforcement for a slab continuous at four sides 
and 5 inches thick to carry a superimposed load of 150 pounds per square foot 
over a clear span of 8 feet. 

Assuming the weight of the concrete slab in pounds at twelve times the 
thickness of the slab in inches, then the weight of the slab per foot is 12x5=60 
pounds, and the total weight, W, for a span of 8 feet is (60+150)x8=1680 
pounds. 

M—WL-+ 12=1680x8 + 121120 foot-pounds. 

If medium structural steel bars or rods are used, the required area, by 
the upper table, page 338, is 0.24 square inches, and the sizes may be taken 
from page 122. 


If triangle mesh is used, the steel area required by lower table, page 338, 


computed for a 5 inch slab, is, by interpolation, 0.185 square inches, requiring 


| 
| 


by table, page 339, triangle mesh style number 208. 
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REINFORCED CONCRETE SLABS 


Benping Moments IN Foot Pounps per Foot or WiptH 


Allowable Fiber Stress: Steel, 16,000 and Concrete, 650 Pounds per Sq. Inch 


wm 
i 

o 
° 

Fa 
i 
lop) 
reo} 

ky 
a 


Area of Steel Reinforcement in Square Inches per Foot of Width 


| | | 
10 | .20 | .30 | .40 | .50 | .60 | .70 | .80 | .90 iid aaa 1.25 | 1.50 


a, Inches 


Thickness, 
Inches 
Distance, 


| > | —— 
246| 34] 30 209 | 358 | | | 
3 34 | 36 | 272 | 525] 599 | | 
344) 34 | 42 | 335 | 650] 858 | | | 


| 
5097 | 53809 | 5494) 5674) 
5734 | 5982 | 6206) 6410) 


96 1658 | 2446 | 3218 | 3977 
102 1785 | 2634 | 3467 | 4288 | 5099 


\ 


OH COMTI D 
- 
NSS 


SBNEAEN 
SN RA 
_ 
S 
oe 


4 84 | 48 | 308) 775 11135) 1245 

414| 34 | 54 | 461 | 900/ 1235 | 1584 

5 f1 60 | 497 | 961 | 1412 | 1766 | 1894 

54] 1 66 | 558 | 1087 | 1600 | 2101 | 2312 | 
1 72 | 621 | 1213 | 1787 | 2349 12760 | 2922 | 

1 78 | 686 | 1340 | 1975 | 2596 ) 3205 |3431 | 

1 84 | 751 | 1466 | 2162 | 2844 | 3515 | 3974 | 4173 
1144 | 90 | 783 | 1531 | 2257 | 2969 | 3669 14254 | 4465 
1 
il 
1 
1 


1849 | 2730 | 3594 | 4444 | 5283 [6069 | 6338 | 6574! 6790 

944/ 1% | 114 1977 | 2919 | 3845 | 4757 | 5656 | 6543 bee 7330) 7575 

} 10 | 144 | 120 2104 | 3109 | 4096 | 5068 | 6027 | 6974 17826 | 8120 8392) 
| 1014] 134 | 126 3205 | 4222 | 5224 | 6213 | 7192 | 8163 | 8525) 8817) 9079) 9432) 9939 
11 184 | 132 3395 | 4475 | 5537 | 6588 | 7625 | 8652 19359) 9681) 9972)10369|10936 
1144] 134 | 138 | | 3586 | 4726 | 5850 | 6960 | 8058 | 9145 |10224]10575 10898)11337)11969 
12 2 144 3681 | 4852 | 6007 | 7148 | 8276 | 9393 |10500]11037,11376|11858)12494 


Allowable Fiber Stress: Steel, 20,000 and Concrete, 650 Pounds per Sq. Inch 


Slab of 18q. Ft F F : 
a Area of Steel Reinforcement in Square Inches per I’oot of Width 
g 2 $8 $3 
Ba|25|98 
ae ae a 04 | .06 | .08 | .10 | .12 | .14 | .16 | .18 | .20 | .25 | 30] 35 | .40 | .45 | .50 
B aA d|~ | | 
24} 384] 30] 108 | 160 | 211 | 261 | 295} 311) 325) 342 353| 377 
3 84 | 36 | 140 | 207 | 273 | 338 | 404) 468] 499) 520) 538] 574} 599 
34) 384] 42 | 173 | 256 | 338 | 419] 499] 578] 656] 724) 750) 808) 858) 900 
4 34 | 48 | 205 | 304 | 401 | 498 | 594) 689] 783) 876) lies 1135] 1194) 1245 
4¥4| 34 | 54 | 287 | 352 | 465 | 577 | 688) 798] 907| 1015] 1123]1354I 1439) 1516) 1584| 1644 
OL 60 377 | 500 | 621 | 740) 857) 972) 1087} 1201| 1486 |1605| 1690) 1766] 1834! 1894 
514) 1 66 421 | 560 | 697 | 832) 965) 1097] 1228] 1359) 1682}1950) 2056) 2151] 2236] 2312 
61 72 | 624 | 777 | 928] 1076) 1222] 1367) 1512) 1875) 2234| 2449] 2563] 2666| 2760 
64) 1 78 691 | 859 | 1025) 1189) 1352) 1514] 1675) 2075} 2469 28583002] 3124| 3235 
iy lek 84 | | 939 | 1120) 1300} 1479) 1657] 1833) 2271) 2703) 3131|3466| 3609) 3741 
744) 144 | 90 978 | 1168) 1356] 1543} 1729] 1913) 2370) 2821| 3268] 371113863) 4005 
8 |14)| 96 | 1260) 1466) 1670) 1872| 2072| 2568] 3057] 3542) 402314387) 4556 
844) 114 | 102 1358) 1578) 1797] 2015) 2231) 2765] 3292) 3815] 4334/ 4850/5122 
9 | 14] 108 1637] 1863] 2088] 2311] 2864] 3412) 3955] 4493] 502615416 
944) 11% | 114 1749} 1990) 2231) 2471] 3063] 3649] 4230) 4806] 5378/5945 
10 {1% | 120 2119| 2375) 2630 


3261) 3886) 4506) 5120) 5730) 6335 
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TRIANGLE MESH CONCRETE REINFORCEMENT 


AMERIGAN STEEL AND WIRD COMPANY STANDARD 


square inch 


Ultimate Strength 
(minimum), 85,000 lbs. 
per square inch 

Elastic Limit (mini- 
mum), 55,000 lbs. per 
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Triangle Mesh Reinforcement 


Longitudinal Wires, 
Spaced 4’ Centers 


Cross Wires, 
Spaced 4’” Centers 


Triangle Mesh is a woven fabric of cold drawn steel wire, providing a 
continuous reinforcement, an even distribution of metal, and a perfect bond. 
Made with both single and stranded tension members in lengths up to 


300 feet and in widths up to 56 inches, 


TRIANGLE MESH—STYLES, AREAS, AND WEIGHTS 


Longitudinal and Cross Wires (No. 14 A. S. & W. Co. Gage), Spaced 4 Inches. 


~ Longitudinal Wire Triangle Mesh 
arene a Number Thicknes, Net Area Total Area |Approx. Weight 
Number of A.8. & W. Co. per Foot Width,||per Foot Width,|per 100 Sq. Ft., 
Strands Wire Gage Sq. Inches Sq. Inches Pounds 
032 1 No. 12 026 .032 22 
040 if Cos le .034 .040 25 
049 1 «10 .043 .049 ) 28 
058 1 Se) 052 .058 32 
068 1 Soy teh .062 .068 35 
080 1 Uns O74 .080 40 
093 1 Ue I} .O87 .093 45 
107 1 5: 101 107 50 
126 1 ul € 120 126 57 
146 if ats 6) 140 .146 65 
iss 1 yy" 147 plas 68 
168 il Omir 162 168 74 
180 2 wo (3) 174 .180 78 
208 2 Se eS -202 .208 89 
245 2 an -239 .245 103 
267 3 fe = 6, 261 .267 111 
287 3 es 5} 22811) .287 119 
309 3 SRD: .803 .309 128 
336 3 “4M .330 .336 138 
365 3 eee: | .359 ,365 149 
395 3 1 134 3889 .395 160 


Length of Rolls: 150, 200 and 300 feet. 


Width of Rolls: 16, 20, 24, 28, 32, 36, 40, 44, 48, 52 an 5 
Triangle Mesh is furnished either with or without galvanizing; 
material will be shipped not galvanized. 
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BUCKLE PLATES 
PTZ Serie ie ee 
SA PS Py eee ee 
Lee Sees 
PATS, 27 ee 


Buckle Plates, as generally used on highway bridges with paved 
floors, are subjected to a concentrated live load due to the weight of a 
wagon or truck wheel and to a uniform dead load due to the weight of 
the roadway paving. 

Buckle Plates should be placed with the buckle turned down; then 
the live load which can be placed on a buckle in addition to the 
uniform dead load can be obtained from the following formula. Let: 

P =Total allowable concentrated load on buckle plate, in pounds. 

w —Uniform load, in pounds per square foot. 

d =Rise of buckle, in inches. 

1 —Length of buckle, in inches. 

b =Width of buckle, in inches. 

¢ Thickness of buckle plate, in inches, 

300 fdt — 0.525 wlb 

P=t ( 6d 15t ) pounds, per buckle. 

The following table gives, for a fiber stress of 9000 pounds, the 
maximum concentrated live load in pounds allowed on buckles (turned 
down), in addition to a uniform load assumed to be the average 
weight of paving, ete., of 120 pounds per square foot. 


Thickness of Rise, d, in Inches 
Buckle Plate, 7 
Inches 2 24 3 3h 
Wy 20000 22000 22000 22500 
46 30000 33000 34000 34000 
36 41000 45000 47000 47500 
As 53000 58000 61000 63000 


The total allowable uniformly distributed load which a buckle 
plate will safely support may be obtained from the formula: 
W = 12 fdt pounds, per buckle. 
When the buckles are turned up, use one-third of above values. 
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BUCKLE PLATES 


AMERICAN BRIDGH COMPANY STANDARD 


6 vA 
: » Wa © oe 
o . + 
Size of Buckle’ ee Radii of Buckle Number Widths of Flanges and Fillets 
=) = 
@ |sidel, [Side b, 1. | side1, | Side b, Teoma He) Bilem, || Bdominaes 
& Ft-In.rt-In. Ft.-In. | Ft-In. | Plate li, Js ls ior 
| 

1|3-11]4- 6| 314 | 6- 854) 8- 9%)L to 8 cs 
9 4- 6| 3-11] 31% | 8- 9%) 6- 834). to 7 - = © sme 
3 /3-11|3- 6|3° | 7- 94) 6-3 |lto 8§ Oa SES 2 
4|3- 6| 3-11] 3 6 81) 7% Oilto 9 Ss = ees 
5 | 8- 9/3- 9] 3 7- 1%| 7- 1% to 8 B 7 See 
6/3: 2 3-9/3 | 4-10) 7- 174|1 to 10 u ° i | ge 

3- 913-113 | 7- 1%] 4-1054)1 to 8 g gos 
g/3. 8/3. 8/2 [ro-2 [0-2 [to §| 3S A Bf 2as 
9/2. 81/3812 |5-5 [10-2 [itoll] £% g g CaS 
10 |3- 8/2- 8|2 |10-2 | 5-5 |1to 8 oko } Ge s8e 
11/2. 2/3 8/2 |3- 7410-2 |itol4 3g Pe Es |2S nas 
12/3- 8/2 2/2 10-2 |3- 74/lto 3 wats cine aa cine 
13 |3- 0/3- 0/2 | 6-10 | 6-10 |1to10 o | gS B |S |ag 
14/2- 9/2- 9|3 | 3-107 83-1071 to 1]| 3 -| Ge Bola | See 
19 |2- 6|2- 9] 234 | 83-1014) 4- 7%)1to12) § | da ao ee eo 
90 | 2- 9| 2- 6| 214 | 4- 7%) 3-1014|1 to 11 Se A >», | SEE 
91 |2- 6|2- 6| 214 | 3-1044| 3-1014|1t0 12} & | Be 6 | see 
5) (55 BI Se Ol Geel tesiey (ie) | ee = |e |aes 
93|3- 6/3- 513 |6- 3 |5-11%/lto 9 & | Se w |e | oss 
94|3- 6/3- 9/3 | 6-3] 7- 1%lto Fe |i = |8 | aos 
25 | 8- 9|3- 6/3 Vin TGA Gee ne 2) tS ales! Gis gear. 
26 |3- 2/3- 1] 3 | 5-144| 4-1054)1to OF AN a a ese 
97 |3- 113- 2/3 | 4-1094| 5- 134/1to10, || & 1 | SEES 
98 |3- 0/3- 1/3 | 4- 734] 4-10%)1 told) og gfaes 
99 |3- 1/3- 0| 3. | 4-1054| 4- 7i|1to10) 8 & g Geeks 
30 | 2- 6| 2- 0| 234 | 3-1034) 2- Gyyjlto12) 3 g a lees 
31 |2- 0|2- 6| 2% | 2- Gr] 3-104|1to15| 2 2 | ge he 
39 |5- 6|3- 6| 314 |13- 123] 5- 484|Lto 5) ew & £2825 
83.13. 6|5- 6| 314 | b- 484|13- 12s]1to 9| 2 a a Aears 
34 |4- 0/4- 0] 3 8- 114] 8- 1ligjl to 7| ase 


Thickness of Plates, 14”, 13”, 36” or 1'e”. 

Plates of greater length than given in table may be made by splicing with bars, angles, or tees. 

All plates are made with buckles up, unless otherwise ordered. When buckles are turned down, 
a drain hole should be punched in the center of each buckle and should be shown on sketch. 

Buckles of different sizes should not be used as it increases the cost of the plate. 

Connection holes are generally for 58”, 34" or 7%" rivets or bolts. Holes of different sizes 
in same plate will increase the cost of the plate. 

Spacing for holes lengthwise of plate should be in multiples of 3’ and should not exceed 12”. 
Odd spaces to be at end of plate and inever 14”. Minimum spacing crosswise 414”, usually 6”. 

Die number must be shown on drawings. 

Sketches for Buckle Plates should indicate allowable overrun in length and width 
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TROUGH PLATES 


. 
——$ 1 

| | 

| | 

Ser Pmt ee ee ah oe 


ELEMENTS OF TROUGH PLATES 


e 
: Angle Section | Riveted Section - 
| & | Section 
Gantt “ Weight = | Weight per 
Section Size, S | a, d, q zy Modulus, 
Index Inches foe || Inches Inches me ae: One Foot Wieth, 
| | Tuches 
M 14 9144x334 23.2 8 614 34.8 15.58 
M 13 944x3% 21.4 | 8 6% 32.1 14.28 
M 12 94x3% 19.7 | 8 6144 29.6 13.00 
M11 94 x334 18.0 8 6% 27:0 11.79 
M 10 9146x334 16.3 l 8 6 24.5 10.59 


ALLOWABLE UNirormM LoaD IN PouNnDs PER SQUARE Foor 


Span Fiber Stress, 16000 Lbs. per Sq. In. Fiber Stress, 12000 Lbs. per Sq. In. 
Feet | Mi4 | M13 | 


M12 | M11 | M10 M14 | M13 | M12 | Mil | M10 


6647 | 6093 | 5547 | 5030 | 4561 || 4986 | 4570 | 4160 | 3773 | 3421 


5 

6 4616 | 4231 | 3852 | 3493 | 3167 || 3462 | 3173 | 2889 | 2620 | 2376 
7 3392 | 3109 | 2830 | 2567 | 2327 |) 2543 | 2331 | 2124 | 1925 | 1745 
8 2597 | 2380 | 2167 | 1965 | 1782 || 1948 | 1785 | 1625 | 1474 | 1336 
9 2052 | 1880 | 1712 | 1553 | 1408 || 1539 | 1410 | 1284 | 1164 | 1058 
0 1662 | 1523 | 1387 | 1258 | 1140 || 1246 | 1142 | 1040 943 855 


11 1373 | 1259 | 1146 | 1039 942 || 1030 944 860 780 707 
12 1154 | 1058 963 873 792 866 793 722 655 594 
13 983 901 821 744 675 738 676 615 558 506 
14 848 777 707 642 582 636 583 531 481 436 
15 739 677 616 559 507 554 509 462 419 381 


16 649 595 542 491 445 487 446 406 368 334 
ales 575 527 480 435 395 431 395 360 328 296 
18 513 470 428 388 352 385 353 321 291 264 
£9 460 422 384 349 316 345 316 288 261 237 
20 415 381 347 314 285 312 286 260 236 214 


The values given in above tables are the safe loads per square foot of floor 
purines and are based upon the average resistance of the riveted portion within 
istance,a. 


The weight of the plates are included in the safe loads and must be deducted 
to obtain the net superimposed safe load. 

Safe loads for other fiber stresses than those given in table may be obtained 
from the values given by direct proportion of the fiber stresses. 


The weight per square foot does not include the weight of rivet beads or 
other details. 
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CORRUGATED PLATES 


ELEMENTS OF CORRUGATED PLATES 


Single Section Riveted Section 
' : | Section 
Secon Size, iisigny pet a, Al Weight per Modulus, 
iat , es 
Index Inches Pounds Inches Inches sanere eos ne 
Inches* 
M 35 1233 x 2% 23.7 127% 23% 23.3 4.39 
M 34 12,3, x 233 20.8 123; 243 20.4 3.84 
M 33 1238; k 234 17.8 1235 234 Lies 3.28 
M 32 834 x 15% 12.0 834 15% 16.5 1.95 
M 31 834 x 11% 10.1 834 lis 13.8 1.55 
M 30 834 x14 8.1 834 14% GIES 1.10 


ALLOWABLE Unrrorm Loap IN Pounps PER Square Foor 


Fiber Stress, 16000 Ibs. per sq. in. Fiber Stress, 12000 Ibs. per sq. in. 


Span 
in | { 
Feet M 35 | M 34|M 33| M 82/|M 31 | M 30] M 35 M 34| M 33 | M 32| M 31| M 30 


5 || 1873/1638) 1400| 832) 661) 469 1405] 1229] 1050) 624) 496; 352 
6 1301| 1138] 972) 578| 459] 326] 976) 853 729| 433) 344| 244 
hi 
8 


956| 836| 714| 425| 337) 240] 717) 627 536| 318] 253} 180 
732| 640| 547] 325) 258] 183) 549| 480 410} 244) 194| 138 

@) 578| 506| 432| 257] 204| 145|| 434) 379 324) 193] 153) 109 
10 468| 410] 350} 208] 165) 117] 351; 307 262) 156| 124) 88 


11 387| 339] 289) 172) 137 97|| 290) 255) 217) 129) 103 73 
12 325| 284| 243] 144] 115) 82) 244 213} 182] 108| 86 61 
13 277| 242) 207| 123 98 69)| 208] 182} 155 92) 73 52 
14 239| 209) 179) 106 84 60|| 179] 157) 134 80| 63 45 
15 208| 182| 156 92 74 52\| 156) 137) 117 69) 51 39 


The values given in above tables are the safe loads per square foot of 
floor surface and are based upon the average resistance of the riveted portion | 
within distance,a bs 

The weight of the plates are included in the safe loads and must be 


deducted to obtain the net superimposed safe load. 
Safe loads for other fiber stresses than those given in table may be 


obtained from the values given by direct proportion of the fiber stresses. 
The weight per square foot does not include the weight of splice bars, 


rivet heads or other details. 
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CHECKERED PLATES 


ELEMENTS OF CHECKERED PLATES 


Width, a ' A Section 
neem id Thickness, | Pichon he Modulus for 
Index Minin Mai ’ GaSe Roca OneFoot W idth, 

OU. | ’ Inches Pounds Trches? 

Taches Inches 

M 54 12 60 14 21.4 0.500 
Mi 53 12 60 vs 18.9 0.383 
M 52 12 60 x% 16.3 0.281 
M 51 12 60 ts 13.8 0.195 
M 50 12 60 144 11.2 0.125 
M 49 12 48 5 8.7 0.070 


ALLOWABLE UNIFORM LOAD IN POUNDS PER SQUARE Foor 


Fiber Stress, 16000 Pounds per Square Inch || Fiber Stress, 12000 Pounds per Square Inch 


Feet | M54|M53|M52| M51|M50|M 49] M54| M53 | M52| M51| M50| M49 


1 5333 | 4083 | 3000 | 2083 | 1333 | 746 | 4000 |3064 |2248 |1560|}1000| 560 
2 1333 |1021 | 750} 520} 333] 187/|/1000| 766] 562] 390] 250] 140 
3 593} 454] 333] 232) 148 83 444) 340] 250} 173] 111 62 
4 333] 255] 188] 130 83 47) 250] 191] 141 97 63 

5 213| 163) 120 83 53 160] 122 90 62 

6 148] 113 83 58 111 85 62 

i 109 83 61 82 63 

8 83 64 62 

9 66 . 


The values given in above table are the safe loads per square foot of 
plates supported on two sides only and are based upon the resistance of 
rectangular sections, 12 inches by the net section, t. 

The weight of the plates are included in the safe loads and must be 
deducted to obtain the net superimposed safe load. 

Safe loads for other fiber stresses than those given in table may be 
obtained from the values given by direct proportion of the fiber stresses. 
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ROOFS AND ROOF LOADS 


The design of roofs and the selection of suitable roofing materials 
depend on the character of the building, whether monumental, 
public, residence, mill or shop; permanent or temporary; geo- 
graphical location as regards allowance for snow and wind loads, 
and also availability of materials and familiarity of workmen 
with the construction; atmospheric conditions as concerns presence 
of industrial or other plants producing deleterious gases; water- 
tightness or resistance of the roof layers to penetration of water, 
snow or ice under storm and long continued exposure; wind 
resistance or the strength of materials to resist displacement of 
the entire surface or disruption between points of support; type . 
and pitch of roof, whether self-supporting on wide spans or 
requiring the use of sheathing, and whether materials can be laid 
safely on steep surfaces. 

A good roof on a permanent structure should be fireproof from 
within as well as without, made of refractory materials supported 
by equally refractory framing. It should last without repair as 
long as the building stands without repair. Its maintenance cost 
should be low and its materials purchased on the probable life and 
service of the structure. 

Snow Loads. The snow loads on roofs vary with the geographical 
location, the altitude and humidity of the place, and with the slope 
of the roof. Where snow is likely to occur, the minimum load per 
horizontal square foot of roof should be taken at 25 pounds for all 
slopes up to 20 degrees; this load to be reduced one pound for each 
degree of increase in slope up to 45 degrees, above which no snow 
load need be considered. In severe climates these loads should be 
increased in accordance with actual conditions. Regard should 
also be taken to the possibility of partial snow load with local 
eoncentration. 

Wind Loads. These vary also with the geographical location and 
the slope of the roof, and, when not fixed by building laws, are 
usually taken as acting horizontally at 40 pounds per square foot 
on vertical surfaces of the most exposed structures, and 30 pounds 
on less exposed structures. On inclined surfaces only the normal 
components of the wind pressure need be considered. The following 
normal pressures are based on the formula given by Duchemin: 
Poli ia Ss , where Pi is the direct horizontal pressure 
assumed at 30 pounds per square foot on the vertical surface and | 
P the normal pressure on a unit of surface, sloping at angle a with 
the horizontal. 
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ia al 


NorMAL WIND PRESSURE, IN POUNDS PER ee Foot 


Slope | aoa Slope ie : Slope Presure | Slope | wrehe 
ao | aa et a° |SquareFoot,) a@° |Square A | a? |Square Foot, 

| Pounds Pounds || Pounds | Pounds 

im | 5,19 | 20 18.37 35 | 25.90 50 | 28.97 

10.11 25 | PAE ER ES | 40 | 27.29 55 29.41 

ay 14.55 30 | 2400 | 45 | 28.28 | 60 | 29.69 


For other pressures than 30 pounds per square foot, the values 
given above change in proportion. For slopes over 60° the values 
assumed for horizontal pressure are applied. 


Combined Roof Loads. In climates corresponding to that of 
Pittsburgh, and where the roof loads are not fixed by building 
laws, ordinary roofs up to 80 feet span should carry the following 
minimum loads per square foot of exposed surface, applied verti- 
cally, to provide for dead, wind a snow loads combined. 


Root Load 
Roof Covering eeeaee ToC 
Pounds 

| Gravel or on boards) flab slope; fto Gor less: -2s. sac eet 50 
Composition, on boards, steep slope, more than 1 to6.......... 45 
Roofing on 3 inch flat tile or cinder concrete .............. 60 
Corrugated sheeting on boards or purlins.................s..-- 40 
alata {Cory oloe Mok | Coigg sede gor Gondvouoneonecsch otc 50 
\on 3 inch flat tile or cinder concrete .....:........ 65 
AMI Koyalefctverel Mi quan blelen e SMe oOu om oie amd A Obos boondeoodah Cu Sts 55 
RUB Se ee ray ce tevgeertterekakan aba tele cepanerel.sy chen chs eeeledernun velesies o} shale Poke treet eachcl reise 45 


For roofs in climates where no snow is likely to occur, reduce 
these loads by 10 pounds per square foot, but no roof or any part 
thereof should be designed for a total live and dead load less than 
40 pounds per square foot. 


Roof Covering. As stated above, suitable protection of a building 
against rain, snow, etc., depends on the character and location 
of the building, and the slope or pitch of the roof. Tin, tar, gravel, 
asphalt roofings and similar compositions are used for flat roofs; 
slate, tiles, and tin are used for slant roofs of public buildings and 
residences, shingles for smaller dwelling houses, and corrugated 
sheeting for shops and warehouses. Slate, tile, tin, and shingles 
are usually attached to a layer of planking, called sheathing, 
which in turn is supported by rafters, often called jack rafters, 


resting upon the roof purlins, or placed directly upon the purlins 
of the roof, — 
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APPROXIMATE WHIGHT OF ROOFING MATERIAL 


Weight 
Roofing Material per 
Sq. Foot, 
—— te —— Pounds 
COD, INGOs PIE, WG (EF os cg ncdn oe po oumenooeD dour oe ne uDe ms pu 1% 
Corrugated galvanized iron, No. 20 B. W. G........--2- seen eee 21% 
Corrugated galvanized iron, No. 26 B. W.G......---.-++-+eeeeees 1% 
isi, SIOMORS oa0n nn baka 66 od) a eon UDO ee en Ce RAt Hes mm One 6 
Felt-and asphaltOr Coal-tan.. ..5. esc seve ees mmiee mee 2 
Gleick, iesineiiane 3, oecoupedeauog een eocaa cope MOOG n oo oem 134 
duathandeplasver Cell iO ua cesiila rere else ste ein) <ite oienae) <ronrousasienerenrs Oi 6-8 
ibemGl, HA ee WWM coana co naeoeuno. Ono GuemEEdOCocHnesonnuodsor 74 
Mackite, 1 inch thick, with plaster...........-.. sees cece cence 10 
Sheathing, hemlock, 1 inch thick.............-. see sere eee eee 2 
Sheathing, white pine, spruce, l inch thick ..........--+++-++++-:- |/214-216 
Sheathing, yellow pine, 1 inch thick ...........-..-. sete ee ees 3% 
Shingles, 6x18 inches, 6 inches to NVR CURED ee occa eierciacss em once ane eae dykes 2 
Skylight, glass #; to 14 inch, including MP AIMIUOV ievoscctetadoee Oeochipesmonswen Siete 4-10 
Slag roof, 4-ply, with cement and sand......--+++se sees sree eees 4 
Slate, 14 inch thick, 3 inch double lap........----++++sesssee sees 41% 
Slate, 8, inch thick, 3 inch double lap......--+++++++eessee seers 634 
ansianeavuey, IC) 5 se na ganes eo ccue ueHOnn DDoS CUO CES E Ay apC SOR mRO Ty bg 
MEW IDS 55 0c5¢agesnoustod bu eno oo noon DG oaumID MOSS IanO ee % 
Tiles (plain), 1014x6 14x 5 inches, 514 inches to weather........-..- 18 
Tiles (Spanish), 1414x1014 inches, 714 inches to weather........... 814 
VASO. ING, OAD) (Bip Wo MG? pened no ee ene Ome amon ne ROO ENcOC 1% 


Roof Trusses. Trusses are used where wide roof openings are to be 
spanned; they form a structure of compression and tension members 
and produce vertical reactions under vertical loads; the total load 
of the roof, that is, the weight of the truss, purlins, roof covering, 
ceiling, and often also the snow and wind load, is usually considered 
a uniformly distributed load, equally divided between the two 
supports and producing equal and vertical end reactions. 


The purlins usually rest on the upper chord of the truss, trans- 
mitting to the latter the load of the roof covering, the wind and 
snow load, that of the jack rafters and their own, and are often so 
arranged as to carry the dead load directly to the truss joints or 
panel points to avoid transverse stresses. The distance between 
two consecutive joints of the top chord is the panel length, the dis- 
tance between two adjacent trusses the bay length. 

The transverse strength of the sheathing or of the corrugated 
iron used for the roof covering generally determines the spaces 
between the jack rafters or the purlins. These purlins or rafters 
are small stecl shapes, such as beams, channels and angles, or 
wooden beams, if the roof is not of fireproof construction. 
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TRUSSES—ForMULA FOR STRESSES AND LENGTHS 


as = rae = Sree Se 
SIMPLE FINK TRUSS | SIMPLE FAN TRUSS 
Member Stress Length | Member Stress Length 
Aa | +%Yn?+4 xW| %Lseca | Aa Tinga (%n?+5) x W/% L secu 
Bb +yGa (%n?+1)xW| L seca Bb ret ar aw Vara (tten?+6)xW % L-seca 
my 2 1 
La |—%n xW]| % Lsec a , | Ce tag (4n? +1) xW|%L seca 
La eee ai amine: La — 4n x WL sec*a 
ab err xW| %Lseca tana | Ld |— %a xW] L (l—% sec*a) 
\n* 2 4 ; Ss 
be |— bes i xW| % Lsec*a || ab, be ee xWw 4b ~ = +secatan?a 
| ed {—%n. 3 x Wi4L sec? a 


Sse= es 


n=L/H=2cota cs 6W 
COMPOUND FINK STRUSS | COMPOUND FAN TRUSS 
Member | Stress Length | Member Stress Length 
Aa |+%No+d xW| ‘%Lseca | As Vn? 44040? + 11)xW Mie L seca 
1 
Bb + Ey (unt $5) xW| % Lseca | Bb Yarra tent +9) xW M2 L seca 
(a es 
Ce + Erp (vin? +3) xW| %Lseca a a5 Se!) xWiia L seca 
to, fe 
De |+ eee (4nt*+1) xW| “% Lseca | EB Var+a‘ 4n?+5) xWhia L seca 
ve eee xW| w%Lsecta || ‘3 Type ea iien? 43) x %2 L seca 
Le |—‘%n xW]/ % Lsec?a Pho | +e The L 
Ig |—no xW L (1—% sec?) rie a sa ee) ge ene 
ne ‘ ial aes W]e L see?a 
ab, ef | + Nadaca xW| % Lsecatana a = ee aa igen ry 
Necercarsayn 
ed SS xW| %Lsecatana i a) Ty 1% La = oPeectatante 
be, de |—%n xW| %Lsec*a | 3n i 
a — an xW] %Lsecta bs Vn?+4 XW/% L secatana 
fg —%n xW| %Lsecta ed, ef |— Yn xW|% L sec?a 
ei —%*%n xW| % L sec? 
: bi —%*n xW] 6 L sec?a 
Coefficients for Calculating Lengths of Truss Members 
Values of n 3 244 | 2cot30° 4 24%, 5 6 
Values of a 33°41/24/\30°15/23" 30° _|26933’5 42293771 2/2148’ 5/718026/ 6/” 
sec a 1.2018 1.1577 1.1547 1.1180 | 1.0833 | 1.0770 | 1.0541 
sec? qa 1.4444 1.3403 | 1.3333 | 1.2500 | 1.1736 1.1600 Nevala lst 
sec a tana 0.8012 0.6753 | 0.6667 | 0.5590 | 0.4514 | 0.4308 | 0.3514 


V 204+ secta tanta 0.8958 | 0.7778 | 0.7698 | 0.6718 | 0.5781 | 0.5608 | 0.4969 
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TRUSSES—CoeEFrFicIENTs OF STRESSES 


n= L/H =2 cot a 


n= Span ~ Height = 2 cota n= Span + Height = 2 cot a 
Member Se Member 5 

3 |24/7|\‘g0| 4 |24/5| 5 | 6 3 l2a/7\ane| 4 |24/5| 5 | 6 

Aa 2.70 | 2.98 | 3.00 | 3.35 | 3.90 | 4.04 | 4.74 Aa 4.51} 4.98 | 5.00 | 5.59 | 6.50 | 6.73 | 7.91 
Bb 2.15 | 2.47 |2.50| 2.91 | 3.52 | 3.67 | 4.43 Bb 3.54 | 3.96 | 4.00 | 4.55 | 5.38 | 5.59 | 6.64 
La 2.25 | 2.57 | 2.60 | 3.00 | 3.60 | 3.75 | 4.50 Ce 3.40 |3.95 | 4.00 |4.70| 5.73 | 5.99 | 7.27 
Le 1.50} 1.71 | 1.73 | 2.00 | 2.40 | 2.50 | 3.00 La 3.75 | 4.30 | 4.33 | 5.00 | 6.00 | 6.25 | 7.50 
ab 0.83 | 0.86 | 0.87 | 0.89 | 0.92 | 0.93 | 0.95 Id 2.25 | 2.57 | 2.60 |3.00 |3.60 | 3.75 | 4.50 
be 0.75 | 0.86] 0.87 | 1.00 | 1.20 | 1.25 | 1.50 ab, be | 0.93 | 0.99} 1.00] 1.08 | 1.18] 1 21) 1.34 
ed 1.50 | 1.71 | 1.73 | 2.00 | 2.40 | 2.50 | 3.00 


n=L/H= 2cota 


= Span + Height —2 cota n= Span + Height = 2 cot a 
Member 2 cot| Member Brat ] 
3 |24/7\‘so°| 4 |[24/5| 5 | 6 3 \24/7\gg0| 4 (24/5) 5 | 6 
| 

Aa |6.31)6.95 7.00 |7.83 | 9.10 | 9.42 )11.07 Aa 9.92 |10.91/11.00 12.30 14.30)14.8117.39 
Bb 5.76 | 6.44 | 6.50 | 7.38 | 8.72 | 9.05 |10.75 Bb 8.95 | 9.91)10.00)11.25 13.18|13.66 16.13 
Ce 5.20 |5.94 | 6.00 | 6.93 | 8.33 | 8.68 |10.43 Ce 8.81 | 9.91,10.00 11.40/13.53\14.07|16.76 
Df 4.65 |5.43 | 5.50 | 6.48 |7.95 | 8.31 |10.12 Df 8.25 | 9.40) 9.50|10.9613.15'13.70 16.44 
La 5.25 | 6.00 | 6.07 |'7.00 | 8.40 | 8.75 |10.50 Eg 7.28 | 8.41} 8.50) 9.91 12.02/12.55]15.18 
Le 4.50|5.14.|5.20| 6.00} 7.20] 7.50} 9.00 Fh 7.14] 8.40} 8.50 10.06 12.3842.95 15.93 
Lg 3.00 | 3.43 |3.46 | 4.00] 4.80 |5.00| 6.00 La 8.25 | 9.43] 9.53/11.00)13.20)13.75 16.50 
ab, ef | 0.83 |0.86 | 0.87 | 0.89 )0.92 0.93 | 0.95 Ld 6.75| 7.71) 7.79] 9.00)10.80)11.25)13.50 
cd 1.66 | 1.73 | 1.73 | 1.79 | 1.85} 1.86 | 1.90 Li 4.50| 5.14] 5.20) 6.00) 7.20) 7.50) 9.00 
be, de |0.75 | 0.86 | 0.87 | 1.00] 1.20 | 1.25 1.50|ab, be, fg, gh| 0.93 | 0.99) 1.00} 1.08) 1.18 1.21] 1.34 
dg 1.50 | 1.71 | 1.73 | 2.00 | 2.40 | 2.50} 3.00 de 2.50 | 2.59] 2.60] 2.68} 2.77) 2.79) 2.85 
fg 2.25 | 2.57 | 2.60 | 3.00 | 3.60 | 3.75 | 4.50 ced, ef 1.50) 1.71) 1.73] 2.00} 2.40} 2.50} 3.00 
el 2.25 | 2.57| 2.60] 3.00] 3.60) 3.75) 4.50 
hi 3.75| 4.29| 4.33] 5.00} 6.00) 6.25) 7.50 


The pitch of a trus: 


Pitch 


H/L 


1/n, 


n 


L/H 


To obtain the stress in any member of a given truss, multiply the corresponding coefficient by 


the panel load W. 
Compression members are designated by + and tension members by — 


1/pitch, 
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TRUSSES—ForMULAS FOR STRESSES AND LENGTHS 


n=L/H=2 cot a 


PRATT TRUSS—4 PANELS 


PRATT TRUSS—6 PANELS 


Member Stress Length | Member | Stress Length 
Aa, Bb/+347/n?+ 4xwl4 Lseca | Aa, Bb+ Shy/n2t+ 4 xW% Lsec @ 
La —% n xWi<4 L Cd |+ n+ 4xw% Lsec 4 
e400 zWi4 L La /+% n xW Y% L 
ab |+1 xwWig h Le — n xW % L 
be j—147/n2+16xW\47/ L2+16h2) Le —% n ~xW % L 
ab |+1 xW} 1% h 
ed |+3% xWis h 
be —4)/n2+16 xW%7/L2+16h2 
de |-14)/n?+36 xW%7/ L2+36h2 


n=L/H=2cota 


PRATT TRUSS—8 PANELS 


PRATT TRUSS—10 PANELS 
Member | Stress Length | Member Stress Length 
Aa, Bbi+(7/n?+ 4xWie Lseca |Aa, Bbi+%7/nm+4 xWis Lseca 
Cd 35)/n2+ 4xWi% Lseca || Cd [+ 27/n2+4 xWit Lseca 
Df [+54)/n2+ 4xWi% Lseca Df |+%7/n2+4 xWhh Lseca 
La +74 n xWwits L Eh |+%)/n2+4 xWit Lseca 
Le |—% n xWig L La -% n xWit L 
Le |—-% n xWiig L Le —2 n xWit L 
Lg |-— n xWi, L Le -—% n xWit L 
ab |+1 xWi% h Lg -% n xWit L 
cd |+%% xWi'6 h Li —4 n xWit L 
feel ia1 xW)4e bh ab |+1 xWi% h 
be |-47/n2+16xWy/ 12+ 16h2|| cd |+8% xwe% h 
de |—4)/n2+36xW)l67/ L2+ 36h2| ef |+2 xW\% h 
fg |-M7/n2+64xWie// 12+ 64h2| gh |-+54 xWil% hb 
be yy 16 16x W);5// L2+16 h2 
de beg es 36XWihy/ L2+ 36h 
fg VWy/ne+ 64 n+ 64xWiy/ 2+ 64h? 
| hi Bey, n2-+ 100 xWh17/ L247 100b2 
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TRUSSES—ConrrriciENts OF STRESSES 


n=L/H=2 cot a 


n= Span + Height = 2 cot a 


Member Sa Member ? 

| 3 laai7{goe| 4 [24/3] 5 | 8 3 \oarr| eco") 4 [24/5] 5 | 6 

Aa, Bb|2.70|2.98|3.00|3.35/3.90/4.04|4.74|| Aa, Bb [4.51 [4.96|5.00 |5.59| 6.50|6.73 7.91 
Ta 12.25|2.57|2.60|3.00/3.60(3.75|4.50|| Cd —|3.61|3.97/4.00)4.47 [5.20 |5.39/6.8 
Le 1150/1.71|1.7312.00|2-40|2.50|3.00|) La 3.75 |4.29)4.33|5.00] 6.00 |6.25|7.50 
we |1.00/1.0011.00{1.00|1.00/1.00|1.00|, Le — }3.00]3.43|3.46/4.00|4.80|5.00 | 6.00 
he [4.25 )132/132|141/1.56|1.60/180| Le  |2.25)2.57)2.60[3.00)3.60|3.75 |4.50 
ab |1.00/ 1.00|1.00/ 1.00] 1.00 1.00 | 1.00 

' ed —_|1.50)1.50/1.50|1.50|1.50/1.50]1.50 

be [1.25 |1.32/ 1.32 [1.41 |1.56|1.60 | 1.80 

de 1.68 11.73} 1.73} 1.80 | 1.92 |1.95 alee, 


n=L/H=2 cota 


n= Span + Height = 2 cot a 


n= Span + Height = 2 cot a 


Member aa ] Member Saal 
3 l24/7|‘g90| 4 \24/5| 5 | 6 3 |24/7|‘sg°| 4 [24/5] 5 | 6 

Aa, Bb /6.31/6.95 |7.00|7.83|9.10|9.42 [11.07] Aa, Bb |8.11|8.93 /9.00 |19.0611.70 12.12.1%.28 
Ga 5.41 |5.95 /6.00|6.71|7.80/8.08| 9.49| Cd | 7.21/7.94)8.00/ 8.04)10.4010.7712.65 
Dt [4.51|4.97|5.00|5.59/6.50|6.73| 7.91] Df | 6.31 /6.95|7.00/ 7.83) 9.10, 9.42111.07 
La |525/6.00|6.06)7.00)8.40/8.75|10.50, Eh  —|5.41|5.95|6.00| 6.71] 7.80] 8.08) 9.49 
Te (450/5.14|5.20|6.00]7.20|7.50| 9.00] La [6.75 |7.71}7.79 | 9.0010.80 11.25 )13.50 
Le [375|4.29|4.33|5.00|6.00/6.25| 7.50| Le | 6.00 |6.86|6.93 | 8.00) 9.60,10.00)12.00 
Lz |3.00/3.43]3.46)4.00|4.80/5.00| 6.00] Le —_|5.25 |6.00|6.06 | 7.00) 8.40) 8.76 10.50 
ee |100/1.00|1.00]1.00|1.00] 1.00] 1.00] Lge | 4.50)5.14|5.20] 6.00] 7.20) 7.50) 9.00 
ta (1.50/1.50|1.50/1.50(1.50]1.50| 1.50] Li | 8.75 )4.29|4.83) 5.00) 6.00 6.25) 7.50 
af {2.00|2.00|2.00|2.00|2.00]2.00] 2.00] ab | 1.00 1.00) 1.00 1.00} 1.00) 1.00) 1.00 
be (1.251 1.32 {1.321141 |1.56]1.60| 1.80) ed —_|1.50|1.50 1.50) 1.50| 1.50) 1.50) 1.60 
de |168|1.73 {1.73 |1.80/1.92|1.95| 2.12] ef ‘| 2.00 |2.00) 2.00 2.00) 2.00) 2.00) 2.00 
fe |2.14|2.18|218|2.24[2.33/2.36) 2.50] gh —_—| 2.50 |2.50)2.50) 2.50) 2.50) 2.50 2.50 
be | 1.25 [1.32|1.32] 1.41] 1.56] 1.60] 1.80 
de | 1.68|1.73|1.73| 1.80] 1.92] 1.95] 2.12 
fg _|2.14|2.18|2.18| 2.24] 2.33) 2.36] 2.50 
hi [2.61 |2.64/2.65| 2.69] 2.77| 2.80] 2.92 
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CORRUGATED SHEETS 


Corrugated sheets are used for roofs and sides of buildings. They 
are usually laid directly upon the roof purlins and held in place by 
means of clips of steel hoops which encircle the purlin and are 
placed about 12 inches apart. Special care must be taken that the 
projecting edges of the sheets at the eaves and gable ends of the 
roof are well secured, otherwise the wind will loosen the sheets. 

Corrugated sheets are made in the sizes given on opposite page, 
the size most generally used has nominally 214-inch corrugations, 
actual width 2%sinches, about 4% inch in depth. The gages frequently 
used for roofing are Nos. 20 and 22, U. S. Standard Gage. 

By one corrugation is meant the double curve between corres- 
ponding points, and by depth of corrugation the greatest deviation 
of the curved surfaces from the straight line. 

One and one-half corrugations are allowed for lap in the width 
of the sheet and 6 inches in the length for the usual quarter pitch 
roof; one corrugation in width and 4 inches in the length of the 
sheet is usually allowed for sidings. 


Corrugated sheets of 2,214 and 3 corrugations are furnished in 
standard lengths of 5, 6, 7, 8,9 and 10 feet and with a standard 
covering width of 24 inches, when laid with a lap of either one 
or one and one-half corrugations. 

By experiment it has been determined that corrugated sheet 
steel, 9g inch deep and 0.035 inch thick, spanning 6 feet, began to 
give a permanent deflection with a load of 30 pounds per sq. foot, 
and that it collapsed with a load of 60 pounds per sq. foot. 
The distance between centers of purlins should, therefore, not 
exceed 6 feet and should preferably be less than this. 

Approximately the uniformly distributed safe load of corrugated 
sheets may be obtained from the formulas given below, using the 
following notations:— 

W=Total allowable uniform load, in pounds. 
b=Curvilinear width of sheet, in inches (b=1.075 x covering 
width). 
Unsupported length of sheet, in inches. 
t—Thickness of sheet, in inches. 
d—Depth of corrugations, in inches. 
{Allowable fiber stress, in pounds per sq. inch. 
Thene Wee oe oh abas ea eins 
| tl 15 151 


for f= 12000, W= UES 


ROOFS AND ROOFING 


CORRUGATED SHEETS 


AMERICAN SHEET AND TIN PLATE COMPANY 


DESCRIPTION OF SHEETS AREAS OF SHEETS 
Corrugations Width, Tnehes) .., 3 Sq. Ft. in 1 Sheet | Sheets in 100 Sq. Ft. © 
i} oO 
Width, Inches Num- Eates| Corrugations Corrugations 
eltane pore ber au Cover- aus | ics 
omi- nches| per | Sheet| i 4 3 214") 144"" 1 QYpl | 1344" 
or [actual] bs| pe, [Sheet] ne 158] gy BURMA] or BURY US 
5 5 1% 6 28 25 60/11.67) 10.83 |10.42) 8.57) 9.23 | 9.60 
3 3 5 9 26 24 72\14.00| 13.00 |12.50| 7.14| 7.69 | 8.00 
*216 | 2%  |1014|27%| 24 84|16.33] 15.17/14.58] 6.12| 6.59/| 6.86 
244 | 2% % 10 26 24 96|18.67| 17.33 |16.67| 5.36| 5.77 | 6.00 
2 2 ds {13 26 24 |'108|21.00] 19.50 |18.75| 4.76] 5.13] 5.33 
1% 14 34 |20 25 2334 || 120|23.33| 21.67 |20.83) 4.29) 4.62 4.80 
5g 56 1s 40 25 243% ||144/28.00| 26.00 |25.00] 3.57] 3.85 4.00 
Standard lengths 5, 6,7, 8,9 and 10 ft. Maximum length, 12 ft. except for 54’ corrugation. 


Sizes denoted *21% are for the 2714’ width. 


Parnrep Surets—Weights in Pounds per 100 Square Feet. 


Cor- Thickness, United States Standard Gage 
rug., : : : 
In. 10 | 12 ey | GS S| 20 2a 225) 235) 245) 25 | PAB ee ek |) 28} 
6) 470 | 336 | 269 | 215 | 162 | 148 | 135 |122/108/| 95 | Si) Fanos 
3 472 | 338 | 270 | 216 | 163 | 149 | 136 | 122 | 109 95 825) 75 68 
*2 14| 615 | 478 | 342 | 274 919/165 | 151 |137|124/110| 97 | 83 | 76 | 69 
214! 607 | 472 | 338 | 27 316 | 163 | 149/136 |122|109| 95 | 82 | 75 | 68 
2 270 | 216 | 163 | 149 |136|122|109) 95 | 82 | 75 68 
1% | 169 | 155 | 141 127|113| 99 | 85 | 78 | 71 
WA | | 113) 99 | 85 | 78| 71 


GALVANIZED SHEETS—Weights in Pounds per 100 Square Feet. 


Cor- Thickness, United States Standard Gage 
rug., 3 : 
In. | 10 12 | 14[ 16 | 18 aa a1 | 22| 23 | 24 | 25 | 26 | 27 | 28 | 29 
5 486 | 352 | 285 | 231/178 | 164/151 | 137 124/111] 97| 90 | 84 77 
3 488 | 353 | 286 | 232/178 |165)151/138/125/111| 98) 91 | 84 az 
#214) 631 | 494 | 358 | 290 | 235 | 181 | 167 | 153 | 140 | 126 |113) 99) 92 | 85 78 
2 14| 623 | 488 | 353 | 286 | 232 | 178 | 165 | 151) 138/125) 111) 98) 91 84 | 77 
2 | 986 | 232|178|165|151/138)125|111) 98| 91 | 84 | 77 
1% 186 |172|)158|144/130|/116|102| 95 | 88 | 81 
vA | | 1130 |116]102| 95 | 88 | 81 


The weights per 100 square feet given in preceding tables do not include 
allowances for end or side laps. The following table gives the approximate 
number of square feet of sheeting necessary to cover an area of 100 square 
feet and is based on sheets of standard width, 96 inches long. If longer or 
shorter sheets are used, the number of square feetrequired will vary accordingly . 


Sq. Feet or 2144 In. StranparD SHEBTS TO Cover Arpa oF 100 8a. Fr. 


End Lap, Inches 
1 2 3 4 5 6 


Side Lap 


Corrugation 109 aL 112 113 114 | 116 
% 116 IEG 118 120 121 | 122 


il 
14% 
2 “ 123 124 126 toy) 129 130 
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STEEL SHEET PILING 


The introduction of steel sheet piling in substitution for wood 
has made possible the extension and indeed the practical rejuvena- 
tion of the cofferdam method of making excavations. Its use has 
led to great ultimate economies, greater safety in working and to 
the extension in size and depth of open excavations to limits which 
otherwise were regarded as impossible of attainment. The cellular 
cofferdam, first used in the Black Rock Lock, Buffalo, is a very 
successful method for the elimination of the expensive, slow, and 
not always reliable, pneumatic caisson on work of large magnitude. 


Steel sheet piling by its positive interlock enables the sub-surface 
diaphragms of diaphragm dams to be made with a certainty not 
possible with wooden sheet piling, and with an economy not possible 
with concrete by reason of the elimination of the excavation 
necessary in the case of the ordinary puddle core, concrete core or 
masonry core wall. A diaphragm made of such imperishable 
materials fulfills all the requirements of the ordinary core wall with 
the additional advantage of accommodating itself, by its flexibility, 
to slight irregularities of settlement in the dam. It is also used in 
-| the construction of curtain walls, sea walls and loading slips, founda- 
tions for cylinder piers, sewers and trenches, ete. 


In addition to temporary cofferdams, steel sheet piling has found 
large use in the construction of permanent retaining walls for 
buildings. Driven before excavation in soils containing quick- 
sand or water-bearing strata, its use prevents the undermining of 
adjacent building foundations by movement of the strata. It also 
prevents in many cases the delay, expense and danger of under- 
pinning adjacent buildings. It may be employed in this way alone 
or reinforced by steel buckstays as shown in the illustration, which 
represents the method followed by D. H. Burnham & Company in 
constructing retaining walls for the Marshall Field and Stevens 
Building, Chicago, where sheeting with its attached buckstays was 
driven its full depth and the basement and sub-basement floors 
placed as the excavation went forward. The rigidity of the buck- 
stays with the bracing supported by the floors eliminated the 
necessity and expense of shoring. After excavation concrete was 
filled in between the buckstays and the total expense did not 
exceed 60 per cent. of its cost by the ordinary method. 


Types. The Carnegie Steel Company manufactures United 


States Steel Sheet Piling, Friestedt Interlocking Channel Bar 
Piling, and Symmetrical Interlock Channel Bar Piling. 
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United States Steel Sheet Piling is a simple, plain, rolled section 
ready for use as it comés from the mill without further fabrication. 
Each piece is complete in itself and all pieces of the same width are 
interchangeable. Its profile incorporates the advantages of the 
ball and socket joint, with sufficient clearance in the interlock for 
ease in driving and sufficient space for the use of a packing substance 
between its adjacent edges to insure watertightness. United States 
Steel Sheet Piling is more easily driven and pulled than any other 
section hitherto placed on the market. The reason for this is 
believed to be the absence of a leading groove combined with the 
line contact obtained in the joints. 

Friestedt Interlocking Channel Bar Piling is a fabricated section 
made of channels and zee bars; unsymmetrical as regards adjacent 
pieces, one channel having two zee bars full length and the next 
adjacent channel being plain, that is, without zee bars. 

Symmetrical Interlock Channel Bar Piling is a fabricated section 
made of channels and zee bars in which each piece has a short zee 
bar on one edge and a long zee bar on the other. The long zee bar 
forms the interlock with the next adjacent section, while the short 
zee reinforces the top of the pile and serves to distribute the blow 
from the pile driving hammer over the width of the section. 

All the sections have positive interlocks continuous throughout 
the entire length in both lateral and horizontal directions, affording 
maximum strength against sidewise deflection, distortion or sepa- 
ration of the pieces due to pressures, deformation in driving, etc. 
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Strength of Section. When driven and under pressure, steel sheet 
piling must have strength similar to that possessed by any other 
beam loaded equally or unequally with earth or water pressure, 
and the resistance of the piling to transverse bending can be calcu- 
lated by the known laws of flexure from the properties of the section 
as given in the tables on page 351. In the case of Symmetrical 
Interlock Channel Bar Piling, the center line of the assemblement 
is not the center line of the individual members. Calculations are 
referred, therefore, to a theoretical neutral axis and give the pro- 
perties of the sections on the assumption that when interlocked 
they will act as a unit. In the case of United States Steel Sheet 
Piling, the properties of the individual pieces are the same as the 
properties of the sections interlocked in place. 


During driving the sections are forced to act as loaded columns, 
and the tables, therefore, show the radius of gyration of the sections 
for computing their compressive resistance under load or the blow 
of the pile driving hammer. The radius of gyration of the section, 
however, need not bear any definite proportion to its length and 
blocks of wood may be bolted to the leads of the pile driver if the 
piling shows a tendency to spring. As the piling actually enters 
the earth, it is supported laterally and stiffened by the adjacent 
soil, and the blows of the hammer need but overcome the friction. 
In an ordinary cofferdam braced in the usual manner, strength in 
the interlock to resist the tearing apart of the sections by direct 
tension in a longitudinal direction is not often required, but if it is, 
United States Steel Sheet Piling is recommended for use, as its 
longitudinal strength is greater than that of the fabricated sections. 
This interlock strength in a longitudinal direction depends on the 
type of section, the opening of the jaw, the character of the soil, 
etc., and can only be determined by tests. The average longitudinal 
strength per lineal inch of medium steel sections is as follows: 


9’" United States Steel Sheet Piling.................. 5,600 pounds 
1244” United States Steel Sheet Piling.................. 9,800 ‘ 
15” 39 1b. Symmetrical Interlock Channel Bar Piling.... 1,500 “ 


Steel sheet piling is usually made of medium steel manufactured 
to standard specifications. Where the construction is permanent 
and possible corrosion is a serious factor, it may be made of steel 
containing about 0.25% copper, experiments on which, as_ well 
as analyses of old structures, indicate that such an addition goes 
very far towards making the steel practically indestructible. 


Full information on this specialty and its various uses is given 
in a separate pamphlet entitled “Steel Sheet Piling,’”’ copies of 
which can be had on request. 
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UNITED STATES STEEL SHEET PILING 


—= af 
eer Se ee 
ELEMENTS OF SEcTIONS, AXIS x-x 

Description Interlocked or Single Section eae’ 
‘orner, 
Section Weight, 
Index Width Single Section Weight, | h Pounds 
Lbs. per| Area, Lbs.per| I e 5 8* 2 Tinea 


Inches Tin. Ft.| Sq. In. | 54: Ft | In4 | In. | Ind | Ins In. | Foot 
M 105 13% 42.5 | 12.51 | 38 8.56 | 0.83 | 4.35/3.93] 1314 42.5 


M 104 1314 38 11.30 35 8.50 | 0.87 | 4.32 | 3.91 | 13} 38 
M 103 944 16 4.71 21 1.45 | 0.561 1.13 | 1.47 ou 16 


SYMMETRICAL INTERLOCK CHANNEL BAR PILING 


ca at | 
Lees 
A) es Section A-A=37 beg 7 
a) [ | rf id 
7 re Pte 
fo} 
4 ae 
A) Kee ip 
eee hea et 8 
ComposITION AND DIMENSIONS OF SECTIONS 
ss Channels Zees Dimensions, Inches 
2 ee a a, 
Ss or Depth, E Size Ep f h 
| Section per per a b c d ¢ f g = 
Z In. Ft. In, Ft 2 
es 
L lcavess ia) to us See Rs | SSS pe ae || 
2 | 10’’x84 Ibs.| 10 | 20 314xl4 | 4.8 |1 ze} 48\3 2 1 14|5 9 
3 | 12/'x34 lbs.| 12 | 20.5| 354x34| 8.6 |1% 14|\3%| 2% 1%) 1%) 6 10% 
4 | 12’’x39 Ibs.| 12 | 25 354x3% | 8.6 |1%)14 334] 214) 114) 138) 6 10% 
5 |15’’%39 Ibs.| 15 33 |444x34| 9.2 | 144) 1¥,]415|3° | 149[ 194175] 1344 
6 |15’x45 Ibs.| 15 1/40 14%4x34| 9.2 |1 Hl 1144413 11119417 13% 
ELEMENTS OF SEecTIONS, AXIS X-x 
i Description Interlocked Section Single Section ies 
35 “= —|— Weight, 
8 [Sa .,| Single Section ‘ Pounds 
aeiaee lecaee a al Weight,| | r S) S* I iy 8 per 
rS = 3| Lbs. per Area, Lbs. per jGnes |) ssn Tes) | in 3 |) Ini) in: In.3 | Lineal 
=O| Lin. Ft. |Sq. In. Sq. Ft. Foot 
1 10 2A 5.87) 28 7.09|1.10| 3.64] 4.85] 5.52| 0.97 2.24) 26 
2 10 26 7.29) 34 10.26/1.19| 5.27] 7.03| 6.61) 0.95 | 2.50 cpl 
3 12 30 8.54, 34 14.59/ 1.31] 6.63] 7.32)11.18) 1.14 | 3.95 38 
4 12 35 9.86} 39 18.66] 1.38| 8.48] 9.36 |12.63 1.13 | 4.23) 42 
5 15 44 |12.60/ 39 |28.96]| 1.52 |11.44 10.17 |19.33| 1.24| 5.68) 51 
6 15 51 (14.46 45 |36.82/ 1.60 |14.55 12.93 |21.60| 1.22|6.07| 58 


§* ig the average section :nodulus per horizontal foot of wall interlocked in place. 
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STRUCTURAL TIMBER 


The strength of structural timbers depends upon a number of 
factors; the kind of wood, the age of the tree, the time of the year 
in which it was felled, the method of sawing, the character of the 
seasoning and therewith its moisture content, the proportion of 
heartwood to sapwood and the proportion of knots to clear wood. 


In consequence of these variable factors, the working unit stresses 
approved by the building laws of different cities vary widely, as 
well also as the unit stresses given in the proceedings of the various 
engineering associations. They go back in some cases to the 
studies made in 1895 by the Association of Railway Superintendents 
of Bridges and Buildings. 


The most recent studies in this direction have been made by the 
American Railway Engineering Association, and the tables for 
wooden beams and columns which follow are based on the working 
unit stresses for structural timbers adopted by that Association. 
The table of working unit stresses has been reprinted, by permission, 
from the Manual, edition of 1911. 


These unit stresses vary with the class of construction. They are 
intended, as noted, for railway bridges and trestles. For highway 
bridges and trestles and for buildings and similar structures, the 
unit stresses may be increased in accordance with the more quiescent 
character of the loading and freedom from deleterious weather 
conditions. The values are based on carefully selected timber 
purchased in accordance with the standard specifications of the 
Association and subject to careful inspection. 


The commercial timbers which are in common use in building 
construction will not meet these specifications, and, therefore, the 
unit stresses approved by good building practice as evidenced in 
the building laws of various cities are rightly lower. The tables 
as they stand are in accord with the average practice as represented 
by these building laws, and may, therefore, be used as they stand 
for ordinary building work executed with the commercial grades of 
timber, such as can be purchased in the open market. 


The allowable loads may be adjusted to other species of wood 
than those stated in the headings of the tables and to other unit 
stresses by the direct proportion which such unit stresses bear to 
those for which the tables are computed. In the case of columns 
the values may be adjusted to any working unit stress by direct 
proportion based on the relations of I/d. 
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tles, the unit stresses 


For buildings and similar structures, in which 
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WOODEN BEAMS 


The safe load tables of wooden beams which follow, based upon 
the working unit stresses adopted by the American Railway 
Engineering Association, give the uniformly distributed safe loads 
for rectangular sections one inch thick; the safe load for a beam of 
any thickness is found by multiplying the tabular value by the 
thickness of the beam in inches. The safe loads include the weight 
of the beams and are computed on the assumption that the beams 
are braced against lateral deflection. These tables also give mini- 
mum and maximum spans and coefficients of deflection. 

The maximum safe loads as limited by the allowable shearing 
stresses along horizontal axes of beams have been calculated from 
the formula: Maximum safe load = 4% x area of section x safe 
unit stress for longitudinal shear. These limits, indicated also by 
horizontal lines in the tables, should not be exceeded to avoid 
failure of the beam in horizontal direction of the grain of the wood. 

The theoretical deflection in the center of the span for uniformly 
distributed and permanently applied loads is obtained from the 
coefficients of deflection by dividing the depth of the beam, in 
inches, into the corresponding coefficient; the result obtained only 
approximates the actual deflection, as the modulus of elasticity 
varies with the moisture content of the wood. 

The deflection of beams intended to carry plastered ceilings should 
not exceed Yeo of the span; the table gives the maximum spans for 
this limit, for uniformly distributed and permanently applied loads. 

For loads concentrated in the center of the span, use one-half the 
values for the tabular loads and four-fifths of the coefficients of 
deflection. For special cases of loading, see pages 206 to 211. 

Examrpue 1.—Required the thickness and the approximate deflection of a 
beam of white oak, 14 inches deep, supporting a uniformly distributed and 
permanent dead and live load of 10,000 pounds over a span of 19 feet. 

The tabular value for a beam one inch thick and for a span of 19 feet is 


1,261 pounds; the required thickness is therefore 10,000+1,261=8 inches, and 
the deflection is 20.72+14—1.48 inches. 

Exampie 2.—Required the safe load of a beam of white pine, 8 inches 
deep and 6 inches thick, without exceeding the longitudinal shearing stress. 

The table gives for a corresponding beam 1 inch thick a safe load of 747 
pounds; the total safe load is therefore 6 x 747—4,482 pounds, or the safe load 
which can be safely supported over a span of 8.6 feet. 

Examrpte 3.—Required the safe load, concentrated in the center of a span 
26 feet long, and the deflection of a beam of longleaf pine, 18 inches deep and 
12 inches thick. ; 

The table gives for a corresponding beam 1 inch thick a uniformly distri- 
buted safe load of 1,800 pounds, or for aload in center of span 1,800+2—900 
pounds; for a beam 12 inches wide the safe load is therefore 900 x 12—10,800 
pounds, and the deflection is approximately 44 x 32.75+18=1.46 inches. 
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RECTANGULAR WOODEN BEAMS—ONE INCH THICK 


Maximum Sars Loaps anp LimitTiIna SPANs 
3g White Longleaf | Shortleaf White Douglas Western Spruce 
ae Oak Pine Pine Pine Fir Hemlock 
ovo e 
=a 
re Max. | Min.) Max. | Min.| Max. | Min. | Max. | Min.| Max. | Min.| Max. | Min.| Max. | Min. 
3° | Load, |Span,| Load, |Span,) Load, Span,| Load,|Span,| Load, |Span,| Load, |Span,/ Load, |Span, 
Aa Lbs. | Ft. | Lbs. | Ft. | Lbs. | Ft. | Lbs. Lbs. | Ft. | Lbs. | Ft. | Lbs. | Ft. 
2 993) 7) 820) 2-8) 347) 14) 187) Qe) 293) 18) 267) Ls) Ts) 2.4 
4 587| 3.3) 640] 3.6] 693) 2.8] 373) 4.3) 587) 3.6) 533 3.7, 373) 4.8 
6 880) 5.6) 960| 5.4| 1040) 4.2) 560! 6.4) 880) 5.5) 800) 5.5) 560 eel 
8 | 1173) 6.7|1280} 7.2) 1387} 5.6] 747} 8.6) 1173) 7.3 1067| 7.3) 747| 9.5 
10 | 1467] 8.4} 1600) 9.0] 1733) 7.1} 933) 10.7) 1467; 9.1) 1333 9.2} 933)11.9 
12 | 1760} 10.0} 1920) 10.8] 2080) 8.5} 1120) 12.9} 1760) 10.9) 1600) 11.0] 1120) 14.3 
14 | 2053] 11.7] 2240] 12.6] 2427] 9.9] 1307| 15.0) 2053) 12.8 1867] 12.8] 1307| 16.7 
16 | 2347] 13.4] 2560] 14.4| 2773] 11.3] 1493] 17.1] 2347) 14.6 2133] 14.7] 1493) 19.0 
18 | 2640) 15.0) 2880] 16.3] 3120) 12.7] 1680] 19.3} 2640) 16.4 2400} 16.5} 1680} 21.4 
20 | 2933] 16.7! 3200] 18.1] 3467] 14.1} 1867] 21.4) 2933 18.2] 2667] 18.3] 1867] 23.8 
22 | 3227/ 18.4] 3520] 19.9] 3813] 15.5) 2053) 23.6) 3227) 20.0 2933) 20.2) 2053] 26.2 
24 | 3520| 20.0) 3840] 21.7| 4160) 16.9} 2240) 25.7] 3520] 21.9 3200) 22.0) 2240) 28.6 
ConrFtciENTs OF DEFLECTION FOR PERMANENT Loaps 
Seat | Whi Meat | Wh 
| lea ite _| lea ite 
pene White ee Pine, | Pine, 38 White es Pine, | Pine, |q 
in leaf Spruce |} in leaf Spruce 
Feet | Oak | Pine Western/Douglas Feet | Oak | Pine |Western Douglas) 
Hem-| Fir Hem-| Fir 
lock lock 
L 0.06| 0.05| 0.05} 0.05] 0.05] 21 | 25.31) 21.37 19.67 | 21.05 | 20.20 
2 0.23! 0.19| 0.18] 0.19] 0.18] 22 | 27.78) 23.44 21.59 | 23.10) 22.17 
3 0.52) 0.44] 0.40] 0.43] 0.41 23 | 30.37 | 25.63] 23.59 | 25.25 | 24.23 
4 0.92] 0.78| 0.71] 0.76] 0.73] 24 |33.06] 27.91 25.69| 27.49 | 26.38 
5 eC SEOMEN Teed wake WOn” absa ss 25 | 35.88 | 30.28] 27.88 | 29.83 | 28.63 
6 2.07| 1.74| 1.61] 1.72] 1.65] 26 |38.80/32.75/ 30.15 32.27 | 30.96 
if 9.81| 2.37| 2.19] 2.84] 2.24] 27 |41.85 35.32] 32.51 | 34.80 | 33.39 
8 3.67| 3.10] 2.85] 3.06] 2.93 28 |45.00]| 37.99] 34.97 | 37.42 | 35.91 
9 4.65| 3.92| 3.61] 3.87] 3.71 29 |48.27)|40.75| 37.51 | 40.14 | 38.52 
10 5.74| 4.85| 4.46| 4.77] 4.58] 30 |51.66/43.61 40.14] 42.96 | 41.22 
oo 6.95| 5.86] 5.40] 5.78] 5.54 31 |55.16|46.56| 42.86 | 45.87 | 44.01 
12 8.27) 6.98| 6.42| 6.87] 6.60] 32 |58.78/49.61 45.67 | 48.88 | 46.90 
13 G70) S119) 7.54) S07 | Tie 33 | 62.51] 52.76] 48.57 | 51.98 | 49.88 
14 |11.25| 9.50| 8.74] 9.36] 8.98] 34 66.35 | 56.01] 51.56 | 55.18 | 52.95 
15 |12.92/10.90| 10.04) 10.74 | 10.31 35 | 70.32] 59.35] 54.64] 58.47 | 56.11 
16 | 14.69] 12.40! 11.42/ 12.22 11.73 36 | 74.39 | 62.79| 57.80] 61.86 | 59.36 
17. |16.59] 14.00] 12.89/ 13.79 | 13.24 37 | 78.58 | 66.33 | 61.06 | 65.34 | 62.70 
18 |18.60|15.70| 14.45) 15.47 | 14.84 38 | 82.89] 69.96] 64.40] 68.92 | 66.14 
19 |20.72!17.49| 16.10] 17.23 | 16.53 39 |87.31| 73.69] 67.84] 72.60 | 69.66 
90 | 22.96| 19.38] 17.84] 19.09 | 18.32 40 | 91.84] 77.52| 71.36 | 76.37 | 73.28 
Maximum Spans IN Feet ror DEFLEcTIONS= Yoo SPAN 
Depth of Beam in Inches 
Species of Timber 
2% 4 6 S10) 12 14 16), 18.) 20) || 22) | 2s 
White Oak 1.2)2.3|3.5/4.6|5.8|7.0| 8.1 9.3)10.5]11.6)12.8)13.9 
Longleaf Pine 1.4|2.8|/4.1]5.5|6.9|8.3| 9.6/11.0)12.4/13.8)15.1)16.5 
Shortleaf Pine, Hemlock | 1.5 |3.0| 4.5 6.0| 7.5 | 9.0 |10.5)12.0]13.5]15.0/16.4)17.9 
White Pine, Douglas Fir |1.4|2.8|4.2|5.6|7.0|8.4| 9.8)11.2 12.6/14.0/15.4|16.7 
Spruce 1.5|/2.9|4.4] 5.8] 7.3 | 8.7 |10.2)11.6]13.114.6 16.0|17.5 
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CARNEGIE STEEL COMPANY 


DOUGLAS FIR 


ALLOWABLE UNIFORM LOAD IN PouUNDS 


Maximum Bending Stress, 1200 Pounds per Square Inch 


RECTANGULAR WOODEN BEAMS—ONE INCH THICK 


. Depth of Beam in Inches 
Span 
in 
a ee 4 6 8 | 10 | 12 | LA LB |) 1891 202 oo 
293 | | 

2 267 | } 

3 178 |_ 687 | 

4 133 | 533 

5 107 | 427 | 

330_| 

6 89 | 356 | 800 

7 76 | 305 | 686 | 1173 

8 67 | 267 | 600 | 1067 

9 237 | 533 | 948 |_ 1467 

10 213 | 480 | 853] 1333 

1760 

11 436 | 776| 1212/1745 | 

12 178 | 400 | 711)1111) 1600} 2053 

13 369 | 656] 1026) 1477 | 2010 

14 343 | 610) 9521371 | 1867 |_2347 

15 320 | 569} 889] 1280] 1742 | 2276 

16 300 | 533] 833] 1200] 1633 | 2133 |_2640 

17 502} 784] 1129 | 1537 | 2008 | 2541 

18 474| 741 | 1067 | 1452 | 1896 | 2400 |_ 2933 

19 449} 702 | 1011 | 1375 | 1796 | 2274 | 2807 |_ 3207 

20 427| 667] 960| 1307] 1707 | 2160 | 2667 | 3227 

21 635] 914] 1244 | 1625 | 2057 | 2540 | 3073 |_ 3520 
2B) 606} 873]1188 | 1552 | 1964 | 2424 | 2933 [3491 
23 580} 835] 1136 | 1484 | 1878 | 2319 | 2806 | 3339 
24 556 | 800 | 1089 | 1422 | 1800 | 2222 | 2689 | 3200 
25 768 | 1045 | 1365 | 1728 | 2133 | 2581 | 3072 
26 738 | 1005 | 1313 | 1662 | 2051 | 2482 | 2954 
27 711] 968 | 1264 | 1600 | 1975 | 2390 | 2844 
22 686 | 933 | 1219 | 1543 | 1905 | 2305 | 2743 
29 901} 1177 | 1490} 1839 | 2225 | 2648 
30 871} 1138 | 1440] 1778 | 2151 | 2560 
31 843 | 1101 | 1394 | 1720 | 2082 | 2477 
2 817 : 

33 

34 

35 

36 

37 

38 

39 

40 


TIMBER SAFE LOADS 


RECTANGULAR WOODEN BEAMS—ONE INCH THICK 
LONGLEAF PINE 


ALLOWABLE UNiFoRM LoapD IN POUNDS 


Maximum Bending Stress, 1300 Pounds per Square Inch 


3 Depth of Beam in Inches 
pan 
in 
Feet | 9 4 6 a} at | @ ve | Ge | tee | at) |) 
320 
2 | 289 
3 193 | 640 
4 | 144 | 578 
5 | 116 | 462 
960 
6 96 | 385 | 867 
og 83.| 330 | 743 | 1980 
8 72 | 289 | 650 |1156 
9 257 | 578 | 1027 |_1600 
10 231 | 520 | 924/)1444 
1920 
ial 210 | 473 | 840]1313}1891 
12 193 | 433 | 770| 1204 | 1733 |_2240 
13 400 | 711]1111 | 1600 | 2178 
14 371 | 660 | 1032 | 1486 | 2022 |_ 2560 
15 347 | 616| 963]1387 | 1887 | 2465 
16 325 | 578] 903| 1300] 1769 | 2311 |_2880 
17 544| 850] 1224 | 1665 | 2175 | 2753 
18 514| 802] 1156 | 1573 | 2054 | 2600 |_8200_| 
19 487 | 760| 1095 | 1490 | 1946 | 2463 | 3041 |_8520 
20 462| 722|1040 | 1416 | 1849 | 2340 | 2889 | 3496 
on 688] 991 |1348|1761 | 2229 | 2751 | 3329 |_ 8840 
22 657| 945 |1287 | 1681 | 2127 | 2626 | 3178 | 3782 
23 628 | 904 | 1231] 1608 | 2035 | 2512 | 3040 | 3617 
24 602| 867]1180| 1541 | 1950 | 2407 | 2913 | 3467 
25 832 | 1132 | 1479 | 1872 | 2311 | 2796 | 3328 
26 800 | 1089 | 1422 | 1800 | 2222 | 2689 | 3200 
27 770 | 1049 | 1370 | 1733 | 2140 | 2589 | 3082 
28 743 |1011 | 1321 | 1671 | 2064 | 2497 | 2971 
29 976 | 1275 | 1614 | 1992 | 2411 | 2869 
30 944 | 1233 | 1560 | 1926 | 2330 | 2773 
31 913 | 1193 | 1510 | 1864 | 2255 | 2684 
32 885 | 1156 | 1463 | 1806 | 2185 | 2600 
33 1121 | 1418] 1751 | 2119 | 2521 
34 1088 | 1377 | 1699 | 2056 | 2447 
35 1057 | 1337 | 1651 | 1998 | 2377 
36 1027 | 1300 | 1605 | 1942 | 2311 
37 1265 | 1562 | 1890 | 2249 
38 1232 ]1521 | 1840] 2189 
39 1200 | 1482 | 1793 | 2133 
40 1170 | 1444 | 1748 | 2080 
Horizontal lines indicate the limit for resistance to shear in the horizontal direction of the grain. 
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CARNEGIE STEEL COMPANY 


RECTANGULAR. WOODEN BEAMS—ONE INCH THICK 
SHORTLEAF PINE, WESTERN HEMLOCK AND WHITE OAK 
ALLOWABLE UNIFORM LOAD IN PoUNDS 
Maximum Bending Stress, 1100 Pounds per Square Inch 


Depth of Beam in Inches 
Span 


in 5 = ] a a 
Feet) 9 | 4 Ba 8s etc | ta Ma tee etsenl 0 


ow 


NTO oP WW 
ao © 
wo @w 
ww w 


Ne} 
eb bo 


40 


990} 1222 | 1479] 1760 


Upper, middle, and lower horizontal lines indicate the limits for resistance to shear in the 
horizontal direction of the grain of Shortleaf Pine, White Oak, and Hemlock respectively. 
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TIMBER SAFE LOADS 


RECTANGULAR WOODEN BEAMS—ONE INCH THICK 
WHITE PINE 


ALLOWABLE UNiIrormM Loap IN PoUNDS 


Maximum Bending Stress, 900 Pounds per Square Inch 


ene Depth of Beam in Inches 
in 
Meroe ae eS Mt ae) te) te) | 80 ok ae 
| 
ies 
2 tC vaa 
3 133 
4 100 873 
_5 | 80 320 
6 Ot |) 267 560 
Wi 5f | 229) 5i4 
8 50 | 200 | 450 |_ 747 
9 178 | 400) 712 
10 160 | 360 | 640 
11 145 | 327 | 582 | 909 
12 133 | 300 | 533 | 833) | 1120 
i 277 | 492 | 769 | 1108 
14 257 | 457 | 714 | 1029 | _1807 
15 240 | 427 | 667 960 | 1307 
16 225 | 400 | 625 900 | 1225 
ily 377 | 588 | 847)1153 | 1493 
18 356 | 556 800 | 1089 | 1422 
19 337 | 526 758 | 1032 | 1347 |_1680 
20 320 | 500 720| 980) 1280 | 1620 
a1 476 | 686] 933] 1219 | 1543 |_ 1867 
22 455 655 | 891/1164] 1473/1818 
2, 435 626] 852}1113| 1409/1739 | 2053 
24 417 600] 817 | 1067 | 1350 | 1667 | 2017 
25 576| 784] 1024 | 1296 | 1600 | 1936 
2240 
26 554| 754| 985 | 1246 | 1538 | 1862 | 2215 
27 533| 726| 948| 1200] 1481 | 1793 | 2133 
28 514| 700| 914|1157| 1429 172912057 
29 676| 883 | 1117 | 1379 | 1669 | 1986 
30 653) 853] 1080 | 1333 | 1613 | 1920 
81 632] 826| 1045) 1290 | 1561 | 1858 
SWAG 613| 800} 1013 | 1250| 1513 | 1800 
30 776| 982 | 1212 | 1467/1746 
34 753 | 953|1176 | 1424 | 1694 
oo 731| 926 | 1143 | 1383 | 1646 
36 711| 900|1111 | 1344 | 1600 
297 876 | 1081 | 1308 | 1557 
38 853 | 1053 | 1274] 1516 
39 831] 1026 | 1241) 1477 
40 810 | 1000 | 1210| 1440 


Horizontal lines indicate the limit for resistance to shear in the horizontal directi 


on of the grain.. | 


| 
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CARNEGIE STEEL COMPANY 


RECTANGULAR WOODEN BEAMS—ONE INCH THICK 
SPRUCE 
ALLOWABLE UNIForRM Loap IN PouNnpbs 


Maximum Bending Stress, 1000 Pounds per Square Inch 


Depth of Beam in Inches 


4 6 8 1s | 2h he te a liye 
| 


11 162 | 364 | 646 |_ 933 

12 148 | 333 | 593 | 926 | 
13 308 | 547 | 855 

14 286 | 508 | 794 | 1120 

15 267 | 474 | 741 | 1067 


16 250 | 444 | 694 | 1000 |_ 1807 
1876 | 418 | 654 | 941/1281 
18 395 | 617 | 889/1210 
19 
20 


374 | 585 | 842/1146] 1493 
| 356 | 556 800 | 1089 | 1422 


| 529 | 762 | 1037 | 1354] 1680 
| | 505 | 727) 9900/1293] 1636 
947 | 1237 | 1565 |_ 1867 
463 | 667] 907/1185]| 1500] 1852 
640! 871] 1138] 1440| 1778 


NN NN tb 
COR Whe 
ee 
ive) 
ee) 
fer) 

We} 
or) 


No 

or) 
lop) 
a 
oO 


838 | 1094 | 1385 | 1709 |_ 2053 
593] 807 | 1053 | 1333 | 1646 | 1992 


28 571| 778|1016| 1286 | 1587/1921 | 240 
29 751| 981] 1241 | 1533 | 1854 | 2207 
30 726| 948 | 1200] 1481 | 1793 | 2133 
31 703| 918] 1161| 1434] 1735| 2065 
32 681) 889 | 1125/1389] 1681 | 2000 
oo 862 | 1091 | 1347 | 1630/1939 
34 837 | 1059 | 1307 | 1582 | 1882 
35 813 | 1029 | 1270 | 1537 | 1829 
36 ' 790 | 1000 | 1235 | 1494/1778 
a7 973 | 1201 | 1453 | 1730 
38 947 | 1169 | 1415 | 1684 
39 923 | 1140| 1379| 1641 
40 900 | 1111 | 1344 | 1600 


Horizontal lines indicate the limit for resistance to shear in the horizontal direction of the grain. 
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TIMBER SAFE LOADS 


WOODEN COLUMNS 


The safe load tables of wooden columns which follow, based 
upon the working unit stresses adopted by the American Railway 
Engineering Association, give the allowable direct compressive 
loads for square and round columns. 

The safe loads of rectangular columns may be found from the 
safe loads of square columns by direct proportion of areas, using 
the safe load unit stress of the square column whose side is equal 
to the least side of the rectangular section. 

The following table gives the safe load in pounds per square inch 
of sectional area for ratios of 

1 effective length of column, in inches 
‘d. least side or diameter, in inches 
ranging between limits of 15 and 30. 


Unit WorKING STRESSES IN POUNDS PER SQUARE INCH 


| 
' Shortleaf 
Longleaf | Douglas Fir, Pine, White Pine, | Red Cedar, Norway 
] oe k iu a Spruce, Tamarack Redwood Pine 
sae ite ‘a. emloc Bald Cypress 
1300 (1—1/d60) 1200 (1—1/d60) 1100 (1—1/d60)|1000 (1—1/d60) 900 (1—1/d60) | 800 (11/460) 

15 975 900 825 750 675 600 
16 953 8380 807 Te 660 587 
iy 931 860 738 Tle 645 573 
18 910 840 770 700 630 560 
19 888 820 752 683 615 547 
20 867 800 733 667 600 533 
Bil 845 780 715 650 585 520 
22 823 760 697 633 570 "507 
23 802 740 678 617 555 493 
24 780 720 660 600 540 480 
25 758 700 642 583 525 467 
26 737 680 623 567 510 553 
oT 715 660 605 550 495 440 
28 693 640 587 533 480 427 
Bey | @yeFe 620 568 517 465 413 
30 650 600 550 500 450 400 


Exampie 1.—Required the allowable load for a column of white oak 
10” x 8”, 14 feet long. 

The safe load given in the table for a square white oak column 8” x 8”, 
14 feet long, is 54,100 pounds. The load for the 10” x 8” section is 
10 x 54,100 + 8= 67,600 pounds. 

E xampp 2.—Required the allowable load for a spruce pile, 9’ diameter 
and 18 feet long. ‘ 

The unit stress given in the above table for the corresponding ratio of 
1/d, 18 x 12 + 9 = 24 is 660 pounds, and the sectional area for a 9’’ round is 
63.62 square inches. The safe load, therefore, is 63.62 x 660=42,000 pounds. 
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CARNEGIE STEEL COMPANY 


SQUARE WOODEN COLUMNS 


Sare Loaps In THousANDS oF POUNDS 


American Railway Engineering Association Formulas 


Length, Side of Square, Inches 
a ae OR ae 8 10 | 12 | 44 1s | 18 20 
|__ 15.6 | 
5 | 15.6 | 
ES) all Bi |) TES 
Sue |) TB Rey Lega) 
M45} 8 | 12.5 | 34.3 
nOF 9 Ti.4 |) 82:8 | 624 
<a1/ 10 | 10.4 | 31.2 | 62.4 
SiSiea) ila 29.6 | 60.3 
Sito| 12 DeMatteo) | eis 
Zem| 14 25.0 | 54.1 | 93.6 |_140.4 
| Se 49.9 | 88.4 [137.3 |_1911 
18 45.8 | 83.2 | 131.0 | 189.3 |_249.6 
20 41.6 | 78.0 | 124.8 | 182.0 | 249.6 | 315.9 | 90.0 
14.4 
Ss a ieee 
Sl 26) isi 
Ess a 12.5 32.4 
ES S| ial: Rey 
aT 9 10.6 | 30.2 67.6 | 
<=) 10 | 9.6 | 28.8 57.6 
BA o| 11 27.4 | 55.7 
Peo| 12 25.9 | 53.8 |_9.0 
Bea| 14 23.0 | 49.9 | 86.4 |_129.6 
aly ie 46.1 | 81.6 | 126.7 |_1764 
= 18 42.2 | 76.8 | 121.0| 174.7 |_230.4 
20 38.4 | 72.0 | 115.2} 168.0] 230.4] 991.6 360.0 
13.2 
ay? |S 
Peale eet (obo 
is 3 7 11.4 29.7 | 
m2! 8s | 10.6 | 29.0 
Bo 9 Ou | Dat \ 28 
azl| 10 | 88 | 264 [S28 | 
S|) all 25.1 | 51.0 
Buo| 12 23.8 | 49.3 |_825 
oud 14 ai. 45.8 79.2 118.8 
R= 16 42.2 | 74.8 | £16:2)|_ 161-7 
a 18 88.7 | 70.4 | 110.9] 160.2 |_ 211.2 
20 35.2 | 66.0 | 105.6] 154.0 | 211.2] 967.8 | 380.0 
12.0 
S | SEw 
7 10.4 27.0 
so i 27. 
z28 8 9.6 | 26.4 
aaa 9 8.8 | 25.2 |_48.0_| 
my | | 10 8.0 | 24.0 | 48.0 
Baa} 11 22.8 | 46.4 
= Ee 12 21.6 | 44.8 |_ 75.0 
Eas 14 19.2 | 41.6 | 72.0 |_108.0 
=i) 06 38.4 | 68.0 [105.6 |_147.0 
18 35.2 | 64.0 | 100.8] 145.6 |_192.0 
20 32.0 | 60.0 96.0] 140.0} 192.0] 248.0 300.0 


Loads in small figures above horizontal lines are the maximum allowable safe loads. 
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TIMBER SAFE LOADS 


ROUND WOODEN COLUMNS 


Saree Loaps In THOUSANDS OF POUNDS 


American Railway Engineering Association Formulas 


Length, Diameter, Inches 
ala 6 8 10 i |. 24 16 18 20 
12.3 ji = 
A 5 ees 
et zi & | et 
ZS} 7 | 10.6 |_276 
AdS| 8 9.8 | 27.0 
BOT 9 CHO) || Bare 49.0 
4a | 10 8.2 24.5 | 49.0 
Bee dd 23.3 | 47.4 
oho 12 2201 45.7 76.6 
Zee 14 19.6 | 42.5 | 73.5 |_110.8 
Ser 16 39.2 | 69.4 | 107.8 |_150.4 
18 35.9 | 65.3 | 102.9 | 148.7 |_196.0 
20 A PANE 61.3 98.0 | 142.9] 196.0] 248.1 306.3 
y 11.3 i — = 
& || ies 
Sa) 6 .| 106 
aos 7 3.8 25.4 
re) 8 9.1 | 24.9 
ant 9 S23 | 2350 45.2 
“Sl 10, | 7.5 | 22.6452 
Fas. in 91.5 | 43.7 
Bio 12, 20:4 | 42.2 70.7 
Sax) 14 18.1 | 39.2 | 67.9 |_1018_ 
Ba} 16 36.2 | 64.1 | 99.5 |_188.5 
= 18 33.2 | 60.3 | 95.0 | 137.2 |_181.0 
20 30.2 | 56.5 | 90.5 | 132.0] 181.0} 229.0 282.7 
10.4 e 
° 5 ,| 10.4 
zZ al @ 9.7 
& 7 9.0 |__23.8 
Ao) 8 8.3 | 22.8 
257 9 7.6 | 21.8 | 41.5 
Be| 10 | 69 | 20.7 | 41.5 
Hac] 11 19.7 | 40.1 
BAS| 12 18.7 | 38.7 |_648 
Oo s| 14 16.6 || 35.9 | 62.2) |_ 98.8 
es 16 33.2 | 58.7 | 91.2 |_127.0 
2 18 30.4 | 55.3 | 87.1 | 125.8 |_165.9 
20 27.6 51.8 | 82.9 | 121.0) 165.9} 209.9 259.2 
9.4 
5 9.4 
et a 21.2 
ie 7 ; : 
Zee a8. 1178 | 207 
Ass 9 6.9 | 19.8 |_ 827 
a%l| 10 | 6.3 | 18.9 | 37.7 
esc} 11 17.9 | 36.4 
mo} 12 17.0 | 35.2 58.9 
Bes) 14 15.1 | 32.7 | 56.5 |_848 
—/ 16 30.2 | 53.4 | 82.9 |_1155 
18 27.6 | 50.3 | 79.2 | 114.4 |_150.8 
g 95.1 | 47.1 | 75.4 | 110.0| 150.8] 190.9 | 235.6 


Loads in small figures above horizontal lines are the maximum allowable safe loads. 
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CARNEGIE STEEL COMPANY 


AVITIES AND WEIGHTS 


SPECIFIC,GR 
‘6 hac | oe Woes 
Specific ‘ounds Specific | Pounds 
Substance Gravity per Substance Gravity per 
u. Ft. Cu. Ft 

Metals, Alloys, Ores | Timber, U. S. Seasoned | 

Aluminum, cast-hammered.. 165 |) Ash, white-red........... 0.62-0.65 | 40 

ee TODZe.....---- | 481 || Cedar, white-red......... 0.32-0.38 22 
(Amitianonyes cists tie reralie 7s 416 || Chestnut..... Wks 55 eee 0.66 41 
FAR SOTIG SEO) seve hectic anaes } 858° |) Gypress. oo. .iu. soa e oben 0.48 30 
IBWSCWUiNeeen on Me eevee 608 | Fir, Douglas spruce ...... 0.51 82 
Brass, cast-rolled..........| Bede” || ess dasterunte saeco nes 0.40 25 
Bronze, 7.9 to 14% Sn.....| 7. 509 || Elm, white............. 0.72 45, 
(Ghiommumeen. tater 16 498) ||| Hemlock... we deseate vere 0.42-0.52 29 
PODS Leena ae Ps fancens. | je pnee lbEictcory nee. ce cee wile | 0.74-0.84 | 49 
Copper, cast-rolled........ BDO! 1 deoGhist enc. olacearrcee. we 0.73 46 
“ ore, pyrites........ 1-4. 262 || Maple, hard....2:....<. 0.68 43 
Gold, cast-hammered...... 10.25-10:85)) 12058 "|= SSF white, 6 cs. enn 0.53 33 
Jron, cast, pig.......+...-> 7.2 450 Oak, chestnut....... 0.86 54 

So WTOURIE sai scia stare ae 7.6-7.9 ABS le moe liv eae nan cre fcr 0.95 59 

iar Ste Bh ak eiare eere 7.8-7.9 490 || “ red, black........... 0.65 41 

“ ‘spiegel-eisen......... 7.5 468 Pern LG. eh tet, aie ne 0.74 46 

“ ferro-silicon........ 6.7-7.3 437 || Pine, Oregon..........:.- 0.51 3 

“ore, hematite... .. 5.2 pr melt | MUST eR Ie gS en 0.48 30 

a “© in bank. .| LEO=1S0; |)  “$ whiter oi cao ccae 0.41 26 

fs fe loose: 120-160 yellow, long-leaf..... 0.70 44 

CU Daina sa oaeine 3.6-4.0 387 ee ‘“« “ short-leaf... . 0.61 38 

“ -** magnetite. ....: 4.9-5.2 BED | | Ponlarens - seme ee | 0.48 30 

RL IEY erences ake, ee Saas 2.5-3.0 | 172 || Redwood, California...... 0.42 26 
Tis aaa Pee vere eye .(11.28-11.35) 706 |) Spruce, white, black...... 0.40-0.46 | 27 

# ore, Galena... 2... 7.3-7.6 465 || Walnut, black............ 0.61 38 
i ea BS aT a oe ene : Par 109 | Ca Hite ee 0.41 26 

SE eae acer asia) CaO 72 456 Moisture Contents: 

Mercury. rr PYrostes-| 359 | gas. | Seasoned timber 15 to 20% 
Molylodenum... 2... 9.01 sag |) Croom Henbenup so O070--.. 
INIGK SIN pete te eee 8.57-8.90 545 | ‘ Witty 

“ mone] metal.........) 8.8-9.0 556 || Various Liguids 
Platinum, cast-hammered...| 21.1-21.5 | 1330 Alcohol WO0%G) .accer dees 0.79 49 
Silver, cast-hammered. ....| 10.4-10.6 656 || Acids, muriatic 40%.... 1.20 75 
Tin, cdist-hammered..... 7.2-7.5 459 || | nitric  91%.... 1.50 94 

““babbit metal. ..., ; TA 443 “sulphuric 87%.... 1.80 112 
“ore, cassiterite........ 6.4-7.0 418 | Lye, soda........66%.... 1.70 106 
Murestensee es aoe es: _..| 18.7-19.1 | 1180 |} Oils, vegetable........... 0.91-0.94 58 
Vanadium............ 5.5-5.7 350 ‘“* mineral, lubricants. . .| 0.90-0.93 57 
Zinc, cast-rolled...........| 6.9-7.2 440 Petroleum. <5. hse. ose 0.88, 55 
“ore, blende.......... 3.9-4.2 253 || Gasoline . 0.66-0.69 | 42 
4 Waiter, 4°C, max. 1.0 62.428 
Various Solids = kO0G ine 0.9584 | 59.830 
Carbon,amorphous,graphitic| 1.88-2.25 | 129 roece 0.88-0.92 | 56 
Hone he oe aoe 0.24 15 “snow, fresh fallen... 125 8 
LVS Gesamte iene 1.22 76 pea Water. a.saceee 1.02-1.03 | 64 
TUNIS <5 oben aoe meenee 0.92-0.94 58 
Glass, eos plate... 2.40-2.72 160 Gases, Air = 1 

ME IChynvalter dunes 2.90-3.00 184 Air, 0°C, 760 mm... ..- 

Pini es Se or 3.15-3.90| 220 || Ammonia.......... ] 9.590 O78 
Phosphorus, white... |. 1.83 114 || Carbon dioxide....... 1... 1.5291 | 11934 
Porcelain, china.......... 2.30-2.50 150 Carbon monoxide......... 0.9673 0781 
Resins, Rosin, Amber... 1.07 67 || Gas, illuminating........ .| 0.35-0.45 |.028-.086 
Rubber, caoutchouc... . 0.93 58 oe natural............. 0.47-0.48 ‘0 8. 9 
SATA ene qnienin ele Saeten ae 2.49 155 || Hydrogen............... 0.0693 | 00559 
Sulphur, amorphous... 2.05 128 || Nitrogen................| 0.9714 | ‘0784 
Wake Mnatenioe enter o. 0 95-0.98 60 Oxygen.) adasscae 1.1056 -0892 

The specific 


and 760 mm pressure. 
except where stated that 


eave is Boyes oad ts pies to water at 4°C., those of gases to air at 0°C. 
ce weights per cubic foot are derived from average specific gravities 
weights are for bulk, heaped or loose material, ete. sed : 
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PHYSICAL mE ROE EE TIES OF ROU ENCES 


SPECIFIC GRAVITIES AND WEIGHTS 


Secifi iM eight, Mae Weight, 
Substance havi ¢ | Pounds Suipstance Specific | Pounds 
ravity per Gravity per 
Cu. Ft. Cu. Ft 
A Minerals Ashlar Masonry 
ARENEOS ieee ous sine: 2.1-2.8 153  ||Granite, syenite, gneiss... 2.3-3.0 165 
Barytedocn cuteke ane 4.50 281  ||Limestone, marble......... 2.3-2.8 160 
ae eRe eee: ee 184 |/Sandstone, bluestone....... 2.1-2.4 140 
Eee aa app, | Mortar Reabble Mescnry 
linia ete Aa, Mons 1.8-2.6 ‘ ranite, syenite, gneiss.....| 2.2-2.8 155 
Clay, marl 1.8-2.6 ee cree marbles... sa) 222-0 150 
Dolomiten saves seers 2.9 181 andstone, bluestone.......] 2.0-2.2 130 
Feldspar, orthoclase...... 2.5-2.6 159 Dry Rubble Ma 
Gneiss, serpentine........ 2.4-2.7 159 z hi a ee ar 
Granite, syenite..........| 2.5-3.1 175 Sic nO ia ae eae ay 
Greenstone, trap.......-- 2.8-3.2 187 |lSandstone, bluestone....... 1.8-1.9 110 
oy alabaster........ 2.3-2.8 159 B : ne! ae ‘sou 
OMMblendesueanystecra st: 0) 187 rick Masonry 
Limestone, marble........| 2.5-2.8 165  |iPressed brick. ....2--....- 2.2—2.3 140 
(Maenesilese ames 3.0 187 |\Common brick..........-. 1.8-2.0 120 
poeete rock, apatite .. ‘ 3.2 ‘ FOO) | SOLt LICK. er giserssersteneter sn 1.5-1.7 100 
OND HYD omscrtes nyt 6-2. 172 
Pumice, natural.......... 0.37-0.90 40 Conerete Masonry Baas 
Quartz, flint...........-- 9.5-2.8 165 _||Cement, stone, 8 Bandiana 2.2-2.4 144 
Sandstone, bluestone.....- 2.2-2.5 147 «Slag, etc.. 1,9-2.3 130 
Nialetdlateneeea a cis 2.7-2.9 175 cinder, ete... 15-17 100 
Soapstone, tale.........-. 2.6-2.8 169 ||\Various Acne Mat’! 
Ashes, cind 
Stone, Quarried, Piled Cement, portland, loose: . on : 
Basalt, granite, gneiss... .. 96 Betis. - 2.7-3.2 183 
Limestone, marble, quartz. 95 ies gypsum, loose....... 65-75 
APRUEMOME on oates.d onrese go WiMortar set... otcss >" 1.4-1.9 103 
Giialemericdcee iaeacmren ee 92 Slags, bank § Recent ace 67-72 
Greenstone, hornblende. . . 107 is screenings. .... 98-117 
machine slag........ 96 
Bituminous Substances plac sande sects re: 49-55 
ANgyaIEMONN, oe cnceccneaee 1.1-1.5 81 Earth, etc., Excavated 
Coal, anthracite.........- 1.4-1.7 ye IKCIEN havo eeyeonmaneo sae 63 
Cs Tbninebrau hag Ban 1.2-1.5 84 e damp, Mlastiee «2.2 110 
Cie lionitetee sete cae 1.1-1.4 73 ||Clay and gravel, dry....... 100 
“peat, turf, dry...... 0.65-0.85 47 Earth, dry, LOGHO AN farcrasck 76 
vs charcoal, pines... 0.28-0.44 23 packed era. se 95 
ss OGlles aomee: 0.47-0.57 33 * moist, loose. 78 
Oo ~ pial Gwe an emer cece 1.0-1.4 75 ye Re packed. . ore 96 
Pe Graphitecem scence 1.9-2.3 131 i mud, Howie. .-..-- 108 
Paraffine........-++++++: 0.87-0.91 | 56 : packed....... 115 
Petroleum, erudens ee 0.88 55 | Riprap, iatene iar s ct Se 
refined ...-..: 0.79-0.82 50 sandstone......... 0 
3 benzine. 0.73-0.75 46 Gs AUnIOh ea weeanoned 105 
a gagolene.....- 0.66-0.69 42 |\Sand, gravel, dry, loose. . 90-105 
ELC LSE er tee eee 1.07-1.15 69 ; packed... 100-12 
Tar, bituminous........-- 1.20 75 - i smewelacrer 118-120 
Coal and Coke, Piled Pare be pga 60 
Coal, anthracite. . 47-58 Ee Fond Clays 65 
“« ~ pituminous, lignite. . AQ= a iliClalyiraneeve «cr caucus: 80 
Cee peate DOU naeenyeer 20-26 River TINUG Sen ae 90 
US eR ane One HOSS ASOilleo. ao eae metinoremoN 70 
SORINCOK Go pue een teeta 92-82 \\StOMe MIVLAD aeons eee 65 


The specific gravities 
and 760 mm pressure. 


Bes bere Eanes: v2 weights: 


of solids and liquids refer to wat: 
The weights per cubic foot are derived 


are for bulk, De or loose material, etc. 
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er at 4°C., those of gases to air at 0°C. 
from average specific gravities, 


CARNEGIE STEEL COMPANY 


CONTENTS OF STORAGE WAREHOUSES 


| 


Recommended 


Pounds : Pounds 
z per een per Live Loads, 
Material Cubic Foot °F eet _| Square Foot | Pounds per 
of Space, of Floor Square Foot 
Produce, Grain, Fruit, Etc. 
Grain, in bulk 
Barley and Corn. .... 37 8 296 
OARS enh Phen oe os task Capes a 26 8 208 
Rye and Wheat... ...,0c00-2s0 42s 48 8 384 
Fruit and Vegetables, in bulk 
Apples, Pears, ete. 38 8 304 
Potatoes, Turnips, ete, : 44 8 352 
Miefellspope Produce, pac ked es: a oot 
‘Béans,-in) PAGS 4.1.6. class ales ake 2 9 
Corn, in bags Be sketicte oe ota Be ; 3l 8 248 250 to 300 
Cornmeal, in barrels............ 37 614 240 
Oats Sern eee) he ers cid aaa caren oe 26 9 234 
Lins WUE ASE Soop adeecenes anor : 58 5 290 
Wheat, in bags, /. 0.0. -=-- 39 8 312 
Wheat’ Flour, in barrels. . . 40 7 280 
Hay, in bales, not compressed. . 14 9 126 
Hay, in bales, compressed. . 24 9 216 
Straw, in bales, compressed . ae, (eet 19 9 171 
Groceries 
Miscellaneous Articles, packed 
Butter, Lard, etc., in barrels....... 32 6 192 
Canned Geods, Preserves, etc.,in cases’ 58 6 348 
@hecses bavne-Grtocacisnnae eaalos oni 30 8 240 
Coffee, green, in bags............. 39 8 312 
Coffee, roasted, in bags............. 33 8 264 
Dates and Figs, in cases, average... . 65 5 325 
Meat, Beef, Pork, ete., in barrels. . . 37 5 185 250 to 300 
Molasses, in barrels............... 48 5 240 
Salt, finely ground, in sacks........ 60 5 300 
Soap Powder, TDNQASES Ss. os 2 mre ceie 38 8 288 
MHATGMG ime DALTONS: ecrosia'sts cysinie enteiare 25 7 175 
Sugar, in barrels............... 43 5 Sly 
Med InGhestss. @ aaaessaersmvs seve. 25 8 200 
Wines, Liquors, etc., in barrels. .... 48 5 240 
Dry Goods, Cotton, Wool, Ete. 
Cotton, in bales, compregsed, average. 25 9 225 
unbleached goods, in bales...... 24 0) 216 
« tickings and duck, in bales... . . 35 8 280 
“printed goods, in Dalesscmeyerne 19 9 171 
“printed goods, in cases......... 31 8 248 
“quilts and flannels, in cases... .. 16 9 144 
penny SIN nM: CASCSEn cern rane eee 25 8 200 
Hemp, in bales, compressed............ 22 8 176 
oi Manila, in bales, compressed. . 26 9 234 
“Sisal, in bales, compressed Paine, S 24 9 216 
: Tow, in bales, compressed....... 29 9 261 200 to 250 
““ Burlaps, in bales, compressed, .. . 43 6 258 
Jute, in bales, compressed............. 41 6 246 
Linen, bleached goods, in cases........ 35 ia 245 
“damask goods, in cases. 50 5 250 
Wool, in bales, not compressed .. cent oe 13 9 Thee 
“in bales, compressed.........--- 48 5 240 
dress goods, flannels, in cases. .... 18 9 162 
“worsted goods, in cases.......... 27 9 243 
Rags, in bales, compressed............. 19 9 171 
Excelsior, in bales, compressed......... 19 9 171 


PHYSICAL PROPERTIES OF SUBSTANCES 


CONTENTS OF STORAGE WAREHOUSES 


Pounds Hehe Pounds Recommended 
Material Git. Pook a File, ber Live Loads, 
He Peet Square Foot | Pounds per 
of Space, of Floor Square Foot 
Drugs, Oils, Paints, Etc. 
Chemicals: 
Acids, Muriatic and Nitric, in carboys 45 124 75 
*) ‘Sulphuric, in/carboys: ..1..)..- 60 1% 100 
Anmmonianin CarbOySac. scree anes 30 134 50 
Alum, Pearl Alum, in barrels........ 80 ve 2ol 
Bleaching Powder, in hogsheads. . al 314 103 
Copper Sulphate, Blue Vitriol,inbbls, 45 5 295 
Soda, Caustic Soda, in iron drums... 88 31% 294 
Soda, Soda Ash, in hogsheads...... 62 234 170 
Soda Crystals, Sal Soda, in barrels... 30 5 150 
Soda Nitrate, Niter, in barrels...... 45 5 225 
Soda Silicate, in barrels nets nae 53 DS 265 
_ Zinc Sulphate, White Vitriol, in barrels 40 5 200 
Oils, Fats, Resins, ete.: 
Glycerine, in cases.......1..-+-.-> 52 6 312 
Oils, Animal, Lard, ete., in barrels. . 34 6 204 9 
“Vegetable, Linseed, in barrels. . 36 6 216 200 to 250 
‘Mineral, Lubricants, in barrels. . 30 6 210 
“ Petroleum, Kerosene, in barrels. 33 6 198 
“  Naphtha, Gasolene, in barrels. 28 6 168 
Rosin, in barrels........-..---+++-- 48 6 288 
Shellac Gum, in boxes..........-.- 38 6 228 
Tallow, im barrels....2.-..-++++.++-- 37 6 222 
Dye Stuffs, Paints, etc.: 
Indigo, in boxes..........++-++++ he 43 6 258 
Logwood Extract, in boxes........-. 70 414 315 
Sumac! in boxed:..c:-.5-.+--rpo- 39 5 195 
Red Lead, Litharge, dry, in barrels. . 132 334 495 - 
White Lead, dry, in barrels........- 86 434 409 
White Lead, paste, In cans...,...--- 174 316 609 
Building Materials | 
Cement, Natural, in barrels.......--..- 59 6 354 
Me Portland, in barrels.........-- 73 6 438 300 to 400 
Lime, Quick Lime, ground, in barrels. . . 50 5 250 4 
Plaster of Paris, ground, in barrels...... 53 5 265 
Sheet Metal and Wire 
Sheet oe bOxCS: ao heey Pek ge ae ae 
Wire, insulated copper, in coils......... ‘ 5 . 
“galvanized iron, ity COIS. cscs se 74 46 333 if 300 to 400 
“Magnet wire, on spools........-- 75 6 450 | 
Miscellaneous 
Chinaware, Glassware, in crates....... 40 8 320 
_ ie moet cane Lond 14 9 126 
Glass, in boxes....-.-+ +e. sass gers 60 6 360 
Hardware, door and sash checks, in cases 46 6 276 
#4 hinges, in case8........-..+. 64 6 384 
a Vocks, 1 CS8€S.. 400. ue oy 
AS screws, in boxes.........--- 0 
Hides, raw, not compressed, in bales.... 13 10 130 300 to 400 
“"” aw, compressed, in bales........ 23 10 230 
Leather, in bales.......----es+eeee ete 16 10 160 
Paper, calendered paper.....--.++- 9 50 6 300 
«" newspaper, manila, strawboards. . 35 6 210 
«writing paper......---+++++000- 64 6 384 
Rope in Coils.......+ssssreereer ree 42 6 252 


CARNEGIE STEEL COMPANY 


STRENGTH OF MATERIALS 


STRESSES PER SQUARE INCH 


Stresses in Thousands of Pounds 


| 2 5 m2 8 
i 2 ° 3 iS 86 2388 3 
Metals and Alloys Sa | 22 23 | a a | 3 EES g EES 
af | 28 | 68 38/58 / S45 | 8 
oe. |) S = = fe 5 
Bp | 2 BS | a5 | ae | =" = 
oO 
Aluminum, tits MARAT Geek cece c 15 6.5 12 12 | 11,000,000 
DAaTSax Sees. oe cite sacs es 24-28 | 12-14 
a wire, har ES hensyaraysisak meee 30-65 | 16-30 
ee EU ANTATIGALOG ohay< pris! aoe seats 20-35 | 14 
* 2—7% Ni, Cu, Fe, etc....| 40-50 | 25 
Aluminum Bronze, 5% to 714% Al...) 75 40 120 
10% Al 85-100) 60 
CoppernGastic wich icles s since sseae 5 25 6 40 22 30 | 10,000,000 
‘* plates, rods, bolts........... 32-35 | 10 32 
gible poconhecndecnes: 55-65 18,000,000 
“wire, annealed 15,000,000 
Brass Ml iO ppAil secs csuiesce se elain S10 23.2 26.7 
Ae) SRS ee noes ER a OR 42 223 35.8 
NE AR hy oe Minty tae 5 eis eisya 622 356 26.9 20.7 
ae Same 75 39 20.7 
SLE ea) he dle, Ro terereks dialctava xtere hoes 117 33.5 5.0 
b NGSb, COMMINGE ier, vig co ean. o oc 30 20 36 9,000,000° 
pee Moraes Aas v5. caacts eta tetsaa erate ates 
a PV emmealed sc oie te anehne eee 14,000,000) 
Bronze 800 Bal. sch neies arrears 42 43.7 10,000,000! 5.5 
of Beda ae atric Rtctalotereaiy siete eucrale 53 34.5 3.3 
Cli 0)) A eae Mercere 78 56.7 0.04 
Pe earn Rieti Main ovale ils = Onis 114 32 0 
Un 01s ANC 2 ae ana anche Mar i 147 12.1 0 
ee faint raeiak 9 Cu, 18n.. ..| 25-55 | 10 52 10,000,000 
Manganese, cast Bee Sn....| 60 30 125 
s rolled{ 2% Mn...| 100 Ce 
. Phosphorus, cast 19%Sn.....| 50 | 24 | 
: wire {1%P......| 100 
tS “Silicon, cast, $26 81... <... «+s 55 
oy i eS onule ae orate 75 | 
ie eT OY icin ecietecues 108 
“Tobin, cast 38% Zn...| 66 
Me “rolled 144% Sn...| 80 40 4,500,000 
7 “cold rolled) 13°% Pb...| 100 
Delta Metal, cast )55—60% Cu. 45 
“plates 38—40, Zn BREN 68 
i. “ bars | 2—4% Pe... 85 
‘e eR REE Mi lee olin 100 \ 
German Silver, 25% Zn, 20% 
Iron, see next page..........20+ 
Gold, cast... .cs.... 20 4 8,000,000 
Opa Nray Ate J eee gone 30 7 
copper, 5 Au, PCu.... cess. 50 
ead Gast ig me niseselste «crite apy ctaon 1.8 1,000,000 
SU MDIBG, WANG): ow akater crys wPetaetecs ate 2.2-2.5 1,000,000 
Ss rolled sheetSt eis ace 4 a ai "720,000 
Platinum, wire, unannealed..........| 53 ; 
paannealediaccee see oa. 32 
DIDRORNORS tern iny sac renee ase 40 
a GOS DOME WORE cab). ac cle che ean 
WA GARt eterna nee mirror 3.5-4.6/1.5-1.8| 6 4 
oe antimony, 10§n,1Sb.......... ll an 
AIS EMSE Terie Siciieste ein Weert nies 4-6 4 18 7 
Se rolledighesta’=reny talc in. trace 7-16 pews 
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PHYSICAL PROPERTIES OF SUBSTANCES 


STRENGTH OF MATERIALS 


STRESSES PER SQUARE INcH 


Stresses in Thousands of Pounds 


“ ers q 
eS Sele el ee eee lle 
Metal and Alloys Go| gen ee S| Be) tea Bae 
ag 2 4 eg |dea] 8s ney eae 5 
ge | Aa) 8 | 22/82) sa% a 
ei WS S| aes) = 
oO 
Steel 
Shapes, Plates, Bars* 
bridges OPE eee pre 55-65 |L4 tens.| tensile | tensile |84 tens.| 29,000,000 27.3-23.0 
ts buildings 55-65 ee is os a 29,000,000 | 25.4-21.5 
SRM Cita NOMA OS ee cast 50-65 |“ a “ « | 99'000,000 | 30.0-23.0 
i locomotives. .......--- 55-65 is a MS ee 29,000,000 | 27.8-23.0 
he Palipetentes ere ass: 58-68 | i : «| 99'600,000 | 25.9-22.1 
Boiler Plates* 
(GHEY NOR Se Aver coca 55-65 |16 tens.| tensile | tensile $4 tens, 29,000,000 | 27.3-23.0 
: a * flange plates...... 52-62 ca a ye a 29,000,000 | 28.8-24.2 
Rivets* 
SCOUSIB Ge nba essierene se 45-55 |14 tens.| tensile | tensile |84 tens. 29,000,000 | 33.3-27.3 
ee Drees oer asccadeoscos 46-56 i - ns - 29,000,000 | 32.6-26.8 
sts eyed (oleae pies women (eae 46-56 < MS s . 29,000,000 | 30.4-25.0 
SME CATO IN Sorts Saves la peereneteis ele 48-58 vi i a 29,000,000 | 31.3-25.9 
PSD SSDS che aes Serene 55-65 "g i zm 18 29,000,000 | 27.3-23.0 
Concrete Bars* 
plain, structural grade | 55-70 33 | tensile | tensile [84 tens.) 29,000,000 | 25.4-20.0 
4 «“ “intermediate....| 70-85 40 a 5 29,000,000 | 18.6-15.3 
a "har 80 50 ws Ay i 29,000,000 15.0 
Gy deformed, struct’ l grade 55-70 Bh 3 y “ 29,000,000 | 22.7-17.9 
af i Intermediate | 70-85 40 sg es ue 29,000,000 | 16,1-13.2 
ne a hard.. 80 50 a y 29,000,000 12.5 
a cold twisted.........- SEA Sally at: ‘4 NY ‘a 29,000,000 5.0 
Castings* 
ad toy hiinAntn acre Geromernee! 60 27 | tensile | tensile |84 tens) 29,000,000 22.0 
ie ‘flit qo Sn aoenatoe 70 Olen 29,000,000 18.0 
IRE HHON ee eran vereis 80 36 me a A 29,000,000 15.0 
NWSE s oon. Geto op ae lu ies Se a tac erdenn |pgirendc  enecoeS aecrne| FSO Canim Rae Ios 
Steel Alloys 
Nickel Steel,* 3.25% Ni. 
shapes, lates, jars races 85-100) 50 | tensile | tensile [34 tens.) 29,000,000 17.6-15.0 
eM TVEUS ica is sere eese wn 70-80 45 + re 29,000,000 | 21.4-18.8 
“eye bars, unannealed... .| 95-110) 55 - oS x 29,000,000 | 15.8-13.6 
% We 4G) Sommealedi-t ot. 90-105) 52 zo sy i 29,000,000 20.0 
Copper Steel, 0.50% GAGS ava viet 60-68 | 37-38 - 29,000,000 | 29.0-23.0 
Steel Springs and Wire 
Springs, untempered.........-- A =O ZOO nbn dodleeansecaannone|>acouenocautorscaa eid: 
Wire, i canmealedie neues ree 120 (3G? NS, eee Ie erad par tllrati uted teapeetciecigtG 
GO swaneehldel wenanewaanoor don 80 ZAG WR aioe a aelerero SA ee ene ele sete sree are 
« ‘bridge cable......-.-++++ 200 CON Ge, ie alte eiots cll ereecunel ue erncenier (ae Comber 
Wrought Iron 
Shapes aianseteer itera eet 48 96 | tensile | tensile | tens} 28,000,000 |.........-- 
iBarcmeer irre sonst fate ear 50 27 - a 2 DS OOOO scare skews 
Wire, unannealed........----- ADy Nb eenaul eteeooreee ute | TEOOOWOD ease cence 
eam eakeduen eat tee ar 60 Die Ne. S ae evall uoertocurl tom pier DR NKOGNG easwucge oes 
Cast fron 
(Glonsmdnyil- gan apne Me odo Se 15-18 6 80 30 19220) | TA OOO COON oe. ners 
ae. th aie ele ease sed «2 olan ats al [SOAS ey. a erel||ceetteasters POO sa wate ebaelatecenceuevetsi| nieine ee twas a) 
Malleable Geter MEE ee a 27-35 | 15-20 46 30 A) Ue aes. aa 


* See Specifications of the Society of Testing Materials. 


375 


CARNEGIE STEEL COMPANY 


STRENGTH OF MATERIALS 
STRESSES IN POUNDS PER SQUARE INCH 


Ultimate Average Stresses | Modulus [ Safe Working Stresses 
Building Materials of | 
Compress.! Tension | Bending | Elasticity \Compress| Bearing | Shearing 
‘ | 
Stone | 
Granite, gneiss, bluestone....|_ 12,000 1,200 1,600 | 7,000,000} 1,200 1,200 200 
Limestone, marble... 8,000 800 1,500 | 7,000,000 800 800 150 
Sandstone. .......56. ; 5,000 150 1,200, | 3,000,000 500 500 150 
Slates cnc. es : 10,000 3,000 5,000 |14,000,000) 1,000 1,000 175 
Masonry 420 | 600 
Granitevscepeete cae ee 350 500 
Limestone, bluestone... . . 280 400 
SEM RIOG yAa ca neeeeeeD nes 140 250 
Rubblessiok tsoceesees : 170 250 
coursed... ... 170 300 
Brick, medium burned..... 10,000 210 | 300 
“hard burned.........| 15,000 
“pressed, paving brick . 6,000 
Worra Gotuseaate ecw 5,000 
Cement, Portland 
Neat, DENEVE ac erctacs «0 7,040 | 740 
i. 90 days... . : 7,350 740 
1S SANG) 28idAVse acca ee 1,290 320 
4 GOidava ines teecrst 1,490 340 
Concrete, P. C. é 
= were nee TOG, ete are are ae Metator ced Concrete 
+» |Furnace Slag..........- ,000 00 os i 
{Lime and Sandstone, bard] 3,000 | Modulus | 3900000 for uit, combression over | 2,900, 
i |Lime and Sandstone, soft] 2,200 El: of : 2,000,000 for ult. compression i to 2,200. 
ORCI os Griacnanotcenod 800 BSUICIDY 750,000 for ult. compression under 800. 
Granite, trap rock....... 2,800 
 |Furnace Slag........... 2,500 Safe Working $ 
74 Lime and Sandstone, hard) 2,500 : EME hiked SS Stresses 
~j |Lime and Sandstone, soft 1,800 in Percent of Ultimate Compression 
Ginderdeten tegone sabi es 700 Plain * F 
F ain Concrete Piers, length 4 dia. 22.5% 
Granite, trap rock...... 2.900 Compression Reinforced Columns, Pe OPA 
<i |Furnace Slag... 000) 2,000 Beintoree) Peake 32.5% 
a {Li d Sandstone, hard| 2,000 . . 
2 Lae a San ae aor 1300 | Bearing Surface twice the loaded area....... 35.0% 
\Cinders... 2.0... seo B00 Horizontal Bars,no webreinforcement 2.0% 
Granite, trap rock....... 1,800 | Shear and , vertical stirrups... 4.5% 
.. Furnace Slag... ........ 1/600 Diag.Tension | Bent Bars and vertical stirrups... .. 5.0% 
2° {Lime and Sandstone, hard| 1/600 Same, securely attached........... 6.0% 
hl ee and Sandstone, soft 1,200 Draains 2.0 
ue ee a yak aa tala 500 Bond Stress 4, Plain reinforcing Bare; he ean eae A 106 
Granite, trap rock...... 1,400 Deformed Bars, best type.......... 5.0% 
oo) Fae Sn OI -| 1,300 
eo {Lime and Sandstone, hard) 1,300 Fo . F 
abe Sands , Bor complete data see Transactions of the American 
ie eto nie ui Society of Civil Engineers, Vol LXXXI-No. 1398, Dec. 1917 
Miscellaneous 
Glass, common, ., See coor || BXOKateye) 3,000 
Plaster anna cone eee 700 70 | 3,000 | 8,000,000 


For ultimate and working stresses of Structural Timber, see page 359, 
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PHYSICAL PROPERTIES OF SUBSTANCES 


EXPANSION OF BODIES BY HEAT 


The linear coefficient of expansion of a body is the rate at which 
the unit of length changes, under constant pressure, with an increase 
of unit or one degree of temperature; the square surface coefficient 
of expansion is, approximately, two times, and the cubical or 
volumetric coefficient three times the linear coefficient of expansion. 
A bar, if not fixed, undergoes a change in length=Iltn, where | 
is the length of the bar in inches, t the number of degrees, n the 
corresponding linear coefficient; if fixed at both ends, the internal 
stress per unit of area=tnE, pounds per square inch, where E is 
the modulus of elasticity, and the total temperature stress=AtnEH, 
pounds, where A is the cross section of the bar in square inches. 


To find the increase of a bar due to an increase in temperature, 
from the table, multiply the length of the bar by the increase in 
degrees and by the coefficient for 100 degrees, and divide by 100. 


CopFrFICIENTS OF ExpaNsIoN FoR 100 Dicrees=100n 


Linear Expansion a Linear Expansion 
Subst: : ubstance : - 
eae Centigrade| Fahrenheit Centigrade| Fahrenheit 
Meise pnd bios ee pole 00063 00035 
. shlar masonry....... A ‘ 
ve eee eat | ete || Brick masonry... (00055 | .00031 
to Wires... sss0s "00193 00107 Cement, portland...... 00107 00059 
Reunctie seas wei ‘00181 “C0101 Concrete’ a4.) 5: soso ane oe 
Sona anta enters r : gee sees Oar 
Copper cease - 00168 .00093 ah foapererpineae “00084 aye 
German Silver......... 00183 00102 Perens 60080 oe 
Ne cee oe OTE 1 POND UI [Mlgublelo a, iets a to ‘00100 | .00056 
Tron, cast, gray........- 00106 00059 ain 
6" erought.....ecees 00120 00067 laa tei aG ecto es ocererens 001 56 -00092 
“wire 3 00124 00069 Rubble masonry....... 00063 .00035 
Ted te 00266 ||’ 00180 pansion bebe tenes He ce 
INE lope acyiee es (00126 | .00070 BC. eevee nee e nes : i 
Dis Gicamn Bene race aera .00090 00050 Timber 
Platinum-Iridium, 15%Ir} .00081 00045 Fir 00037 00021 
DOLL VL oie atiteteieoielreiabere ts .00192 -00107 Maple ( 00064 00036 
Steel, cast..........--- 00116 eee Oak  fParalleltofibers) “ooo49 | 100027 
peat ice. fon 00132 | .0007: ace Meee 
resi Aeon | 00087 |) ia em |G eee 
© B0ft sees ee eee 00110 00061 Maple |perpendicular 0048 .0027 
uae ae BLOG Moe on peer Oak { tofiber..... 0054 a 
ine, rolled.........-+- : : mine “0034 ‘0019 
Miscellaneous Solids Liquid Substances | Volumetric Expansion 
(Ciba wane nae ton Oauee .00085 .00047 INGO NOL ap au dic onan 104 058 
Graphite..... .00079 .00044 INO Wino gomendds 110 061 
Gutta-percha 05980 03322 S sulphuriGarecare|) 2003 .035 
(Parathininy ercuey oer 02785 01547 Mercury...,-.-.--+--- .018 .010 
PORCELAIN pn reenseelereenacettss 00036 00020 N Oil, turpentine........ .090 .050 
EXPANSION OF WaTER, MAXIMUM Density=1 
C°| Volume || C°| Volume || C°} Volume C° | Volume | C°| Volume C° |. Volume 
0 | 1.000126 || 10 | 1.000257 |) 30 1.004234 |) 50 | 1.011877 || 70 1.022384 || 90 ers 


4 | 1.000000 || 20 | 1.001732 
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40 | 1.007627 || 60 | 1.016954 || 80 
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CARNEGIE STEEL COMPANY 


EQUIVALENTS OF MEASURE 


LENGTHS 


1 meter, m=10 decimeters, dm=100 centimeters, cm = 1000 millimeters, mm, 
1 meter, m=0.1 decameter, dkm = 0.01 hectometer, hm =0.001 kilometer, km. 
1 meter, m=39.37 inches, U.S. Standard = 39.370113 inches, British Standard. 
1 millimeter, mm =1000 microns, p= 0.03937 inch = 39.37 mils. 


Meters, | Inches, Feet, Yard, Rods, | Chains, pas link eae 

” a i me < as Statute | Nautical km, 

1 39.37 |3.28083] 1.09361 | 0.19884] 0.04971| 0.26214| 0.85396] 0.001 
0.02540! 1  |0.08333| 0.02778 | 0.25051/ 0.21263] 0.4 1578] 0.61371| 0.62540 
0.30480| 12 1 | 0.33333 | 0.06061 | 0.01515] 0.81894] 0.0 1645| 0.63048 
0.91440| 36 3 1  |0.18182] 0.04545] 0.35682] 0.84934] 0.59144 
5.02921] 198 16.5 5.5 il 0.25 |0.83125] 0.32714] 0.05029 
20.1168| 792 66 22 4 1 | 0.01250] 0.01085] 0.02012 
1609.35] 63360 | 5280 | 1760 320 80 1 |0.86839] 1.60935 
1853.25|72962.5 | 6080.20] 2026.73 | 368.497 | 92.1243) 1.15155] 1 1.85325 

1000 | 39370 |3280.83] 1093.61} 198.838] 49.7096] 0.62137|0.53959| 1 


1 yard, U.S.=1.0000029 yards British 1 yard British = 0.9999971 yard U.S. 
1 chain, Gunter’s=— 100 links 1 link = 7.92 inches. 

1 cable length, U.S. =120 fathoms = 960 spans =720 feet = 219.457 meters. 

1 league, U.S.=3 statute miles = 24 furlongs. 


1 international geographical mile=5° at equator =7422 m 
4.611808 U.S. statute miles. en 
1 international nautical mile =160° at meridian —1852 m 


==0.999326 U. S. nautical miles. 

1 U.S. nautical mile—=Y%o° of circumference of sphere whose surface equals 
that of the earth = 6080.27 feet= 1.15155 statute miles =1853.27 meters. 

1 British nautical mile = 6080.00 feet = 1.15152 statute miles = 1853.19 meters. 


SurRFACES AND AREAS 


1 sq. meter, m2? = 100 sq. decimeters, dm? = 10000 sq. centimeters, cm2. 
1 sq. meter, m? —0.01 are, a=0.0001 hectare, ha. 

1 sq. millimeter, mm?= 0,01 em? —=0.00155 sq. inch = 1973.5 circular mils. 
1 are, a= 1 sq. decameter, dkm =0.0247104 acre. 


oe ities acta Sq. Feet, | Sq. Yards| Sq. Rods,} Acres, | Hectares, /Sq. Miles, Sq. Kilo- 


m2 sq. in. sq. ft. sq. yd. aq. ©. “A ha. Statute | Meters, 
km2 


at___| 1550.00 | 10,7639 | 1.19599 | 0.03954 0.52471] 0.0001 0.63861) 0.81 
0.06452| 1 — | 0.66944 | 0.67716] 0.62551]0.91594| 0.36452] 0.22491/0.86452 


0.09290] 144 1 | 0.11111] 0.63673] 0.42296] 0.69290|0.33587|0.39290 
0.83613} 1296 9 1 | 0.03306] 0.32066] 0.48361|0.83228|0.98361 
25.2930] 39204 | 272.25 | 30.25 1 | 0.00625] 0.32529] 0.89766]0.42529 
4046.87|6272640| 43560 | 4840 | 160 1 | 0.40469/0.31563]0.34047 
10000 |15499969] 107639 | 11959.9|395.366/2.47104|° 1 |0.23861| 0.01 
2589999 27878400] 3097600] 102400| 640 |259.000i 1 {2.59000 
1000000 10763867! 1195985] 39536.6/247.104| 100 10.386101 1 


1 sq. rod, sq. pole, or sq. perch=625 sq. links = 1460 acre. 
1 sq. chain, Gunter’s=16 sq. rods=o acre. 


1 acre=4 sq. roods=160 sq. rods. Square of 1 acre = 208.7103 feet square. 


Notations @, 3, 6, etc., indicate that the 4, 3, 6, etc., are to be replaced by 
2, 3, 4, etc., ciphers. 


Exampie—1sq. rod 0.59766 = 0.000009766 sq. miles. 
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MEASURES AND WEIGHTS 


EQUIVALENTS OF MEASURE 
VOLUME AND CAPAcITY 


1 cu. meter, m8’ = 1000 cu. decimeter, dm’ = 1000000 cu. centimeters, cm$, 
i liter, 110 deciliters, dl—100 centiliters, cl=1000 milliliters, ml 

_ =1000 cu. centimeters, cm®. or cc. 
1 liter, 10.1 decaliter, dkl=0.01 hectoliter, hl=1 cu. decimeter, dm3. 


Cubic | Cubie | Cubie | Cubic Eee U. 8, Gallons (ie 
Decimeter,| Inches, Feet, Yards, ore [a Bushels, 
dm3, 1 cu. in. cu. ft. cu. yd. Liquid, Dry, Liquid, Dry, bu. 

1. qt. d. qt. 1. gal. d. gal. 
a 61.0234 0.03531 0.91308 1.05668 | 0.90808 0.26417 0.22702 | 0.02838 
0.01639 1 0.85787 0.62143 0.01732 | 0.01488 | 0.04329 0.23720 0.64650 
28.3170] 1728 1 0.03704 | 29.9221 | 25.7140) 7.48055 | 6.42851 |0.80356 


764.559) 46656 27 i 807.896 | 694.279 | 201.974 | 173.570 | 21.6962 
0.94636] 57.75 | 0.03342] 0.51238 1 0.85937} 0.25 |0.21484]0.02686 
1.10123 |67.2006| 0.03889 | 0.0 1440] 1.16365 il 0.29091| 0.25 |0.03125 
3.78543] 231 |0.13368]0.564951 4 3.43747 ip 0.85937 | 0.10742 
4.40492 |268.803| 0.15556 | 0.65761 | 4.65460 4 1.16365 1 O25 
35.2393 |2150.42| 1.24446 | 0.04609 | 37.2368 32 9.30920 8 1 


U. S. Dry Measure: 1 bushel=4 pecks = 8 gallons = 32 quarts = 64 pints. 

U.S. Liquid Measure: 1 gallon=4 quarts=8 pints=32 gills=128 fluid ounces. 

U.S. Apoth. Measure: 1 fi. ounce,f%3—=8 fl. drams, £3 =480 minims, ™, 
= 29.574 cu. cms. 

British Imperial gallon dry and liquid measure=1.03202 U. 8. dry gal. 
= 1.20091 U. 8S. liquid gal. 

British Imperial gallon = 277.410 cu. in. = 4545.9631 cms. 
Weight of water at maximum density, 4°C, 45° Lat., and sea level. 

1 cu. ft. = 62.4283 Ibs. av. = 28.3170 kg 1 cu. in. = 0.57804 oz. av. = 16.3872 g. 

1 gal., U. S. liquid = 8.34545 lbs. =3.78543 kg. 

1 gal., British Imperial = 10.0221 lbs. = 4.5459631 kg. 


Masses AND WEIGHTS 


1 gram, g= 10 decigrams, dg = 100 centigrams, cg = 1000 milligrams, mg. 

1 gram, g—0.1 decagram, dkg = 0.01 hectogram, hg = 0.001 kilogram, ke. 

1 kilogram, kg =1 cu. decimeter of water or liter, 4°O, 45° Lat. and sea level 
= 15432.35639 grains, U. S. and British Standard. 


ei Ounces Pounds Tons 
110- i 
grams, ee ‘ Troy, Avoir, Troy, Avoir, au ee “ Metric, 
kg. oz. t. OZ. av. Ib. t. Ib. av. | 9900 Ibs. | 2240 Ibs. | 1000 ke- 
1 15432.4 | 32.1507 | 35.2740 | 2.67923 | 2.20462] 0.61102) 0.09842] 0.001 
0.66480 if 0.22083] 0.22286 | 0.31736] 0.31429] 0.67143] 0.06378] 0.56480 
0.03110] 480 1 1.09714 | 0.08333 | 0.06857 | 0.43429] 0.63061] 0.63110 
0.02835| 437.5 [0.91146] 1  |0.07595/0.06250/0.63125] 0.62790) 0.02835 
0.37324| 5760 12 113.1657| 1 |0.82286/0.$4114) 0.03674] 0.63732 
0.45359! 7000 |14.5833} 16 {1.21528} 1  |0.60050 0.04464 | 0.4536 
907.185 |14000000) 29166.7| 32000 |2430.56} 2000 1  |0.89286|0.90719 
1016.05 15680000] 32666.7| 35840 |2722.22) 2240 1.12 1 1.01605 


1000 [15432356] 32150.7 ,35274.0| 2679.23 | 2204.62 1.102311 0.98421 1 


1 ounce avoir. 16 drams, avoir. 1 ounce troy = 20 pennyweight, dwt. 
1 ounce apoth., 3 ==8 drams, 324 scruples, 5 ==480 grains, gr== 31.1035 g. 
1 bundredweight—1/20 long ton==4 quarters 8 stone = 112 Ibs. = 50.8024 kg. 


Notations 2, 2, 4, ete., indicate that the 6, 8 4 etc., are to be replaced by 


2, 3, 4, etc., ciphers. p 
ExaMPpuEe—l grain = 0.02083 = 0.002083 OZ... ot grain = 0.96480=0.00006480 kg. 
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CARNEGIE STEEL COMPANY 


EQUIVALENTS OF MEASURE 


Forces orn WEIGHTS PER Units oF Lenatu, LinrAR WEIGHTS 


1 dyne per centimeter = 0.00101979 g/em = 0.000183719 poundal/in, 
1 gram per centimeter= 980.5966 dynes/em = 0.180154 poundal/in. ; 
1 poundal per inch = 5443.11 dynes/em = 5.55081 g/cm = 0.0310832 pound/in. 
G Metric 
oak Grains | Pounds | Pounds | Pounds |Kilograms| Net Tons, aoe ons, 
Centi- | per Inch, | per Inch, | per Foot, | per Yard, per Meter, 2000 lbs., 2240 Ibs 1000 kg, 
meter gr./in. Ib./in. lb./ft. lb./yd. kg/m per Mile Ber MIGlenleeee 
g/cm is Kilometer 
i 39.1983 0.35600] 0.06720 0.17740 0.15839 0.10 
0.02551 1 |0.01429]0.51714 0.04526] 0.64041] 0.02551 
178.579} 7000 uh 12 31.6800} 28.2857117.8579 
14.8816 | 583.333 |0.08333 1 2.64000| 2.35714] 1.48816 
4.96054 | 194.444]0.02778 | 0.33333 0.88000) 0.78571] 0.49605 
10 391.983 | 0.05600 | 0.67197 1.77400 1.58393 |: 1 
5.63698 | 220.960]0.03157 | 0.37879 al 0.89286 | 0.56370 
6.31342 | 247.475 | 0.03535 | 0.4242 pee (4 1 0.63134 
10 391.983 | 0.05600 | 0.67197 1.77400] 1.58393 il 


Forces oR WEIGHTS PER UNITS OF ARBA, PRESSURE 
1 dyne persq. centimeter=0.00101979 g/cm2 


1 gram persq. centimeter= 980.5966 dynes/em? = 0.457592 
1 poundal persq.inch 


= 0,.000466646 poundals/in?. 


poundals/in?. ‘ 
=2142.95 dynes/em2 = 2.18536 g/em? =0.0310832 pound /in?, 


Kilograms| Pounds 


Net Tons, 
2000 Ibs. 


per 
Sq. Foot 


Pounds 


per 
Sq. Foot, 
Ib. /ft.2 


Atmos- 
pheres, 
Standard, 
760 mm 


Columns of Mercury, 
Hg. 13.59593 Sp. G. 


Columns of Water, 
Max. Density 4° C 


Milli- | 


neh 
meters Inches 


Meters Feet 


0.97648 
1.03329 
0.31360 
0.03453 
0.10 
0.03048 


2048.17 
144 


1.02408 
0.07200 

1 |0.00050 

2000 1 

2116.35] 1.05818 
2.78468! 1.31392 
70.7310] 0.03537 
204.817! 0.10241 
62.4283 | 0.03121 


0.56944 
13.8889 
14.6969 
0.01934 
0.49119 
1.42234 
0.43353 


0.96778 
0.06804 
0.54725 
0.94502 
1 
0.61316 
0.03342 
0.09678 


0.02950 


28.9572 | 
2.03588 
0.01414 
28.2762 
29.9212 
0.03937 
1 
2.89572 
0.88262 


735.514 
51.7116 
0.35911 
718.216 
760 
1 
25.4001 
73.5514 
22.4185 


10 
0.70307 
0.04882 
9.76482 
10.3329 
0.01360 
0.34534 

1 
0.30480 


32.8083 
2.30665 
0.01602 
32.0367 
33.9006 
0.04461 
1.13299 
3.28083 
1 


Forces oR WrIGHTS PER UNITS OF VoLUME, DENSITY 


1 dyne per cu. centimeter=0.00101979 gram/cm3 
1 gram per cu. centimeter = 980.5966 


dynes/cms 


= 0.00118528 poundails/in3. 
1.162283 poundals/in3, 


1 poundal per cu. inch =843.683 dynes/em’ =0.860378 g/em8 = 0.0310832 pound/in3. 


Grams 
per 
Cu. Centi- 
meter, 
g/em® 


Pounds 


per per per 
Cu. Inch, | Cu. Foot, | Cu. Yard, 
Ib./in.8 Ib./ft.8 | Ib./yd.8 


Pounds | Pounds 


per 
Cu. Meter 
kg/m3 


Kilograms 


Pounds 
per 
Gallon, 
Dry, 
U.S. 


Pounds 
per 
| Bushel, 
(Us: 


Pounds 
per 
Gallon, 
Liquid, 
Wise 


Kalograms 


1 
27.6797 
0.01602 
0.85933 
0.001 
0.01287 


0.10297 
0.11983 
0.01 


0.03613 |62.4283 | 1685.56 
oa 1728 | 46656 
0.35787 1 27 
0.52143] 0.03704 1 
0.43613] 0.06243 |1.68556 
0.4650) 0.80356 | 21.6962 
0.63720] 6.42851 | 173.570 
0.64329|7.48052|201.974 
0.03613] 0.62428 |16.8557 


1000 
27679.7 
16.0184 
0.59327 

i 
12.8718 
102.974 
119.826 


10 


77.6893 
2150.42 
1.24446 
0.04609 
0.07769 

1 

8 
9.30920 


9.71116 
268.803 
0.15556 
0.05762 
0.59711 
0.125 
1 
1.16365 


0.77689 | 0.09711 


8.34545 
231 
0.13368 
0.04951 
0.68345 
0.10742 
0.85937 
1 
0.08345 


100 
2767.97 
1.60184 
0.05933 

0.10 
1.28718 
10.2974 
11.9826 

u 


Notations 5, $, 4, etc., indicate that the 3, 3, 4, etc., are to be replaced by 


2, 3, 4, etc. ciphers, 
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Exampie—ti kg/m? = 0.43613 = 0.00003613 lb./ins, 


MEASURES AND WEIGHTS 


EQUIVALENTS OF MEASURE 


Enprey, Worx, Hnat 


1 dyne-centimeter=1 erg=0.00101979 gram-centimeter=0.5737612 foot-pound. 
i gram-centimeter= 980.5966 ergs=0.67233 foot-pound. 
1 foot-pound = 13557300 ergs=13825.5 gram-centimeters. 


Kilogram- 
meters, 
kg-m 


Foot- 
Pounds, 
ft.-lbs. 


Horsepower-hour 


Week 
H. P.-h 


Metric, 
75 kg-m-h 


Poncelet- 
hours, 
100 kg-m-h 


Kilowatt- 
hours, 
kw-h 


Balawe 
bet. 


Thermal Units 


Calorie, 
kg-cal 


1 
0.13826 
273745 
270000 
360000 
367123 
0.10198 
107.577 
426.900 


7.23300 
1 
1980000 
1952916 
2603880 
2655403 
0.73761 
778.104 
3087.77 


lf 4 
0.63653 


0.85051 
1 
0.98632 
1.31509 
1.34111 
0.03725 
0.63930 
0.61559 


0.63704 
0.65121 
1.01387 
il 
133338 
1.35972 
0.03777 
0.83984 
0.31581 


0.02778 
0.53840 
0.76040 
0.75 
1 
1.01979 
0.92833 
0.62988 
0.01186 


0.61163 


9.80597 
1.35573 
2684340 
2647610) 
3530147 
3600000 
1 
1054.90 
4186.17 


0.89296 
0.01285 
2544.65 
2509.83 
3346.44 
3412.66 
0.69480 
1 
3.96832 


0.52342 
0.03239 
641.240 
632.467 
843.289 
859.975 
0.62389 
0.25200 
1 


Power, RatE or ENERGY AND Heat 


1 erg per sec.—1 dyne-cm/sec.=0.00101979 gram-cm/sec. = 0.737612 foot-pounds/sec. 


1 gram-centimeter per second= 980.5966 ergs/sec.=0.07238 foot-pounds/sec. 
1 foot-pound per second = 13557200 ergs/sec = 13825.5 gram-cm/sec. 


Kilogram- 
meters 
per 
Second, 
kg-m/s 


Foot- 
pounds 
per 
Second, 
ft.-lbs./s 


Horsepower 


WSS, 
550 
ft.-Ibs./s 


Poncelet, 


Kilowatt, 
kw. 


Watts, 
107ergs/s 


Thermal Unitg ; 


pet 


Balaws 
btu/s 


Sec. 


Calorie 
kg-cal/s 


1 
0.13826 
76.0404 

75 

100 
101.979 
0.10198 
107.577 
426.900 


7.23300 
1 
550 
542.475 
723.300 
737.612 
0.73761 
778.104 


3087.77 


0.01315 
0.61818 
1 
0.98632 
1.31509 
1.34111 
0.31341 
1.41474 
5.61412 


0.01333 
0.51843 
1.01387 
1 
1.33333 
1.35972 
0.31360 
1.43436 
5.69200 


0.01 
0.81383 
0.76049 
0.75 
1 
1.01979 
0.51020 
1.07577 
4.26900 


0.09806 
0.61356 
0.74565 
0.73545 
0.98060 
1 
0.001 
1.05490 


4.18617 


9.80597 
1.35573 
745.650 
735.448 
980.597 
1000 
1 
1054.90 


4186.17 


0.69296 
0.31285 
0.70685 
0.69718 
0.92957 
0.94796 
0.39480 
1 
3.96832 


0.02342 
0.63237 
0.17812 
0.17569 
0.23425 
0.23888 
0.62389 
0.25200 
1 


VELOCITIES AND ACCELERATIONS 


1 kine—1 centimeter per sccond=0.0328083 foot per second. _ 
lradian per second=57.2958 degrees per sec.=0.159155 revolutions per sec. 


1 gravity =980.5966 centimeters per sec. per sec.= 32.1717 feet. per sec. per sec. 


Meters Feet Kilo- Meter Feet Miles | Kilometer 
per per Miles Knots | meters per per per per 
Second, | Second, | P& Hour, | per Hour,} Hour, sec/sec | sec/sec | hour/sec | hour/sec 
m/s ft./s M/h U. 5. km/h m/s? ft/s | M/h-s | km/b-s 

1 3.28083 | 2.23693 | 1.94254 3.6 
0.30480 1 0.68182 | 0.59209] 1.09728 
0.44704 | 1.46667 1 0.86839 | 1.60935 
0.51479] 1.68894 | 1.15155 1 1.85325 
0.27778 | 0.91134 | 0.62137 | 0.53959 if 
1 3.28083 | 2.23693 3.6 
0.30480 1 0.68182 | 1.09728 
0.44704 | 1.46667 1 1.60935 
0.27778 | 0.91134 | 0.62137 uM 


Notations a a o etc., indicate that the BO be by etc., are to be replaced by 


2, 3, 4, etc., ciphers. 
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ExaMPLe—l Calorie =0.81163=0.001163 kilowatt-hours. | 


CARNEGIE STEEL COMPANY 


METRIC CONVERSION TABLES 
INcHES TO CENTIMETERS—1 in.=2.540005 cm 


1 2 3 4 5 6 7 8 9 


Ss 
= 
gS 
) 


f 


<% 
© 


2.540| 5.080 7.620| 10.160] 12.700| 15.240| 17.780) 20.320 22.860 
25.400 27.940| 30.480 33.020] 35.560; 38.100) 40.640) 43.180| 45.720 48.260 
50.800 53.340| 55.880| 58.420| 60.960) 63.500) 66.040) 68.580| 71.120 73.660 
76.200| 78.740| 81.280] 83.820) 86.360) 88.900} 91.440 93.980} 96.520] 99.060 
101.600 | 104.140 | 106.680 | 109.220 111.760} 114.300 116.840 | 119.380 | 121.920) 124.460 
127.000 | 129.540 | 132.080 134.620 137.160} 139.700] 142.240 | 144.780) 147.320 149.860 
152.400 | 154.940 | 157.480| 160.020) 162.560 165.100] 167.640 | 170.180) 172.720 175,260 
177.800 | 180.340 | 182.880 | 185.420] 187.960| 190.500} 193.040 | 195.580 198.120 | 200.660 
203.200 | 205.740 | 208.280 | 210.820 | 213.360 | 215.900) 218.440 | 220.980 223.520 | 226.060 
228,600 | 231.140 | 233.680 | 236.220 | 238.760 | 241.300 | 243.840 | 246.380 | 248.920 | 251.460 


OCOOonNnonrwnre oO 


IncHES? TO CENTIMETERS?—1 in.?=6.451625 em? 


| l | 
0 1 2 3 4 5 6 7 8 9 
6.452| 12.903) 19.355| 25.807] 32.258] 38.710] 45.161| 51.613] 58.065 
64.516) 70.968| 77.420| 83.871| 90.323] 96.774) 103.226 | 109.678 | 116.129 | 122.581 
129.033 | 135.484 | 141.936 | 148.387 | 154.839 | 161.291 | 167.742 | 174.194 | 180.646 | 187.097 
193.549 | 200.000 | 206.452 212.904 | 219.355 | 225.807 | 232.259 | 238.710 | 245.162 251.613 
258.065 | 264.517 | 270.968 | 277.420 | 283.872 | 290.323 | 296.775 | 303.226 | 309.678 | 316.130 
322.581 | 320.033 | 335.485 | 341.936 | 348.388 | 354.839 | 361.291 | 367.743 | 374.194 | 380.646 
387.098 | 393.549 | 400.001 | 406.452 | 412.904 | 419.356 | 425.807 | 432.259 | 438.711 | 445.162 
451.614 | 458.065 | 464.517 | 470.969 | 477.420 | 483.872 | 490.324 | 496.775 | 503.227 | 509.678 
516.130 | 522.582) 529.033 535.485 | 541.937 | 548.388 | 554.840 | 561.291 | 567.743 | 574.195 
580.646 | 587.098 | 593.550 | 600.001 | 606.453 | 612.904 | 619.356 | 625.808 | 632.259 | 638.711 


Sy 
s 
SUSY 


COnNanrwnwnreo 


IncHEs? TO CENTIMETERSS—1 in.8=16.38716 em 


Pig} 0 1 2 3 4 5 6 7 8 9 


yy 


OMNMPAMEWNHHO 1S 


16.39| 32.77} 49.16} 65.55) 81.94] 98.382) 114.71] 131.10) 147.48 
163.87 | 180.26) 196.65) 213.03) 229.42) 245.81) 262.19] 278.58) 294.97) 311.36 
327.74| 344.13] 360.52] 376.90| 393.29) 409.68} 426.07) 442.45) 458.84] 475.23 
491.61) 508.00} 524.39] 540.78} 557.16) 573.55} 589.94) 606.32) 622.71} 639.10 
655.49 | 671.87] 688.26] 704.65) 721.04) 737.42] 753.81) 770.20] 786.58} 802.97 
819.36 | 835.75| 852.13] 868.52) 884.91] 901.29] 917.68] 934.07) 950.46} 966.84 
983.23 | 999.62 | 1016.00 | 1032.39 | 1048.78 | 1065.17 | 1081.55 | 1097.94 | 1114.33 | 1130.71 
1147.10 | 1163.49 | 1179.88 | 1196.26 | 1212.65 | 1229.04 | 1245.42) 1261.81 | 1278.20 | 1294.59: 
1310.97 | 1327.36 | 1343.75 | 1860.13 | 1376.52 | 1392.91 | 1409.30) 1425.68 | 1442.07 | 1458.46 
1474.84 | 1491.23 | 1507.62 | 1524.01] 1540.39 | 1556.78 | 1573.17 | 1589.55 | 1605.94 | 1622.33 


IncHES* TO CENTIMETERS4—1 in.4—41.62347 em* 


eo uey | 0 1 2 3 4 5 6 2 8 9 
= 


41.62) 83.25} 124.87] 166.49] 208.12} 249.74] 291.36) 332.99] 374.61 
416.23| 457.86) 499.48} 541.11| 582.73) 624.35) 665.98| 707.60] 749.22] 790.85 
832.47] 874.09| 915.72] 957.34] 998.96 | 1040.59] 1082.21 | 1123.83 | 1165.46 | 1207.08 
1248.70 | 1290.33 | 1331.95 | 1373.57 | 1415.20 | 1456.82| 1498.44 | 1540.07 | 1581.69 | 1623.32 
1664.94 | 1706.56 | 1748.19 | 1789.81 | 1831.43 | 1873.06 | 1914.68 | 1956.30] 1997.93 | 2089.55 
2122.80 | 2164.42 | 2206.04 | 2247.67 | 2289.29) 2330.91 | 2372.54 | 2414.16| 2455.78 
2497.41 | 2539.03 | 2580.66 | 2622.28 | 2663.90 | 2705.53| 2747.15 | 2788.77 | 2830.40 | 2872.02 
2913.64 | 2955.27 | 2996.89 | 3038.51 | 3080.14 | 3121.76! 3163.38 | 3205.01 | 3246.63 | 3288.25 
3329.88 | 3371.50 | $413.12 | 3454.75 | 3496.37 | 3537.99) 3579.62 | 3621.24 | 3662.87 | 3704.49 
3746.11 | 3787.74 | 3829.36 | 3870.98 | 3912.61 | 3954.23 | 3995.85 | 4037.48 | 4079.10 | 4120.72 


COONIBWMTNELWNHO |S 
bw 
So 
ao 
pare 
i= 
NI 
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fi 


MEASURES AND WEIGHTS 


METRIC CONVERSION TABLES 
CENTIMETERS TO INCHES 


1 em==0.3937 in, 


| 
1 2 3 4 5 6 7 


a 
JS 


g 
[® 
oO 


8 


9 


0.3937] 0.7874) 1.1811} 1.5748} 1.9685 622; 2.7559) 
8.9370| 4.8307| 4.7244) 5.1181] 5.5118] 5.9055) 6.2902) 6.6929 
7.8740| 8.2677| 8.6614] 9.0551] 9.4488) 9.8425) 10.2362) 10.6299 
11.8110 | 12.2047 | 12.5984] 12.9921 | 13.3858 | 13.7795 | 14.1732 | 14.5669 
15.7480 | 16.1417 | 16.5354 | 16.9291 | 17.3228 | 17.7165 | 18.1102] 18.5039 
19.6850 | 20.0787 | 20.4724 | 20.8661 | 21.2598 | 21.6535 | 22.0472 | 22.4409 
23.6220 | 24.0157 | 24.4094 | 24.8031 | 25.1968 | 25.5905 | 25.9842 | 26.3779 
27.5590 | 27.9527 | 28.3464 | 28.7401 | 29.1338 | 29.5275 | 29.9212 | 30.3149 
31.4960 | 31.8897 | 32.2834 | 32.6771 | 33.0708 | 33.4645 | 33.8582 | 34.2519 
35.4330 | 35.8267 | 36.2204 | 36.6141 | 37.0078 | 37.4014 | 37.7952 | 38.1889 


WONOoOrRWNrO 


7.0866 
11.0236 
14.9606 
18.8976 
22.8346 
26.7716 
30.7086 
34.6456 
38.5826 


3.1496 | 


3.5433 

7.4803 
11.4173 
15.3543 
19.2913 
23.2288 
27.1653 
31.1023 
35.0393 
38.9703. 


CENTIMETERS? To INcHDS?—] cm?=0.15499969 in.?. 


<o. 
Tete | 0 i D 3 4 5 6 7 


8 


9 


0.1550} 0.3100] 0.4650] 0.6200] 0.7750} 0.9300] 1.0850 
1.5500| 1.7050] 1.8600] 2.0150] 2.1700| 2.38250) 2.4800) 2.6350 
3.1000| 3.2550) 3.4100} 3.5650| 3.7200] 3.8750) 4.0300) 4.1850 
4.6500| 4.8050) 4.9600} 5.1150] 5.2700) 5.4250} 6.5800} 5.7350 
6.2000) 6.3550] 6.5100| 6.6650) 6.8200) 6.9750) 7.1300] 7.2850 
7.7500| 7.9050| 8.0600] 8.2150) 8.3700] 8.5250] 8.6800) 8.8350 
9.3000| 9.4550) 9.6100} 9.7650, 9.9200 | 10.0750] 10.2300] 10.3850 
10.8500 | 11.0050 | 11.1600) 11.3150] 11.4700 | 11.6250] 11.7800) 11.9350 
12.4000 | 12.5550 | 12.7100] 12.8650) 13.0200 | 13.1750] 13.3300 13.4850 
13.9500 | 14.1050 | 14.2600 | 14.4150) 14.5700] 14.7250) 14.8800 | 15.0350 


OHNAMNPRWNHHE 1S 


1.2400 
2.7900 
4.3400 
5.8900 
7.4400 
8.9900 
10.5400 
12.0900 
13.6400 
15.1900 


1.3950 
2.9450 
4.4950 
6.0450 
7.5950 
9.1450 
10.6950 
12.2450 
13.7950 
15.3450. 


Q 


Centimeters? to INcHES3—| cm3=0.0610234 in.%. 


0 1 2 3 4 5 6 tf 


8 


9 


0.06102 | 0.12205 | 0.18307 | 0.24409 | 0.30512 | 0.36614 | 0.42716 
0.61023 | 0.67126 | 0.73228 | 0.79330 | 0.85483 | 0.91535 | 0.97637 | 1.03740 
1.22047 | 1.28149 | 1.34251 | 1.40354] 1.46456 | 1.52559 | 1.58661] 1.64763 
1.83070 | 1.89173 | 1.95275 | 2.01377 | 2.07480 | 2.13582 | 2.19684 2.25787 
9.44094 | 2.50196 | 2.56298 | 2.62401 | 2.68503 | 2.74605 | 2.80708 | 2.86810 
3.05117 | 3.11219 | 3.17322 | 3.23424 | 3.29526 | 3.35629 | 3.41731 | 3.47833 
3.66140 | 3.72243 | 3.78345 | 3.84447 | 3.90550 | 3.96652 | 4.02754 | 4.08857 
4.27164 | 4.33266 | 4.39368 | 4.45471 | 4.51573 | 4.57675 | 4.63778 | 4.69880 
4.88187 | 4.94290 | 5.00392 | 5.06494 | 5.12597 | 5.18699 | 5.24801 5.30904 
5.49211 | 5.55313 | 5.61415 | 5.67518 | 5.73620 | 5.79722 | 5.85825 5.91927 


Sy 
,/ 
DONIARPWNYHOS ae 
AS 

\/e 


0.48819 
1.09842 
1.70866 
2.31889 
2.92912 
3.53936 
4.14959 
4.75983 
5.37006 
5.98029 


0.54921 
1.15944 
1.76968 
2.37991 
2.99015 
3.60038 
4.21061 
4.82085 
5.43108 
6.04132 


Crntimeterst to IncHns4t—l cm*=0.0240249 i 


n.4, 


0 1 2 3 4 5 6 7 


ay 
iS] 


L 
gS 
[& 


8 


9 


_ | 0.02402 | 0.04805 | 0.07207 | 0.09610 | 0.12012 | 0.14415 | 0.16817 
0.24025 | 0.26427 | 0.28830 | 0.31232 | 0.33635 | 0.36037 | 0.38440 0.40842 
0.48050 | 0.50452 | 0.52855 | 0.55257 | 0.57660 | 0.60062 | 0.62465 0.64867 
0.72075 | 0.74477 | 0.76880 | 0.79282 | 0.81685 | 0.84087 | 0.86490 0.88892 
0.96100 | 0.98502 | 1.00905 | 1.03307 | 1.05710) 1.08112] 1.10515 1.12917 
1.22597 | 1.24930} 1.27332 | 1.29734] 1.32137 | 1.34539 | 1.36942 
1.44149 | 1.46552 | 1.48954] 1.51357 | 1.53759] 1.56162) 1.58564 1.60967 
1.68174 | 1.70577 | 1.72979| 1.75382 | 1.77784] 1.80187 | 1.82589 1.84992 


0.19220 
0.43245 
0.67270 
0.91295 
1.15320 
1.39344 
1.63369 
1.87394 
2.11419 


1.92199 | 1.94602 | 1.97004 | 1.99407 | 2.01809 | 2.04212 2.06614 | 2.09017 


BHWMNWAEWNH OO 
_ 
i) 
So 
= 
iw] 
or 


2.35444 


2.16224 | 2.18627 | 2.21029 | 2.23432 | 2.25834 | 2.28237 2.30639 | 2.33042 


| 
| 
| 


383 


0.21622 
0.45647 
0.69672 
0.93697 
1.17722 
1.41747 
1.65772 
1.89797 
2.13822 
2.37847 


SEESSE STEEL COMPANY 


METRIC CONVERSION TABLES 
Fret to Merers—1 ft.=0.3048006 m 


‘i 
SY 


/ 


aQr 


Lies 
a 


1 


2 


3 


4 5 


6 


7 


8 


9 


0.3048 
3.3528 
6.4008 


3.0480 
6.0960 
9.1440 
12.1920 
15.2400 
18.2880 
21.3360 
24.3840 
27.4321 


12.4968 
15.5448 
18.5928 
21.6408 
24.6888 
27.7369 


9.4488 |. 


0.6096 
3.6576 
6.7056 
9.7536 
12.8016 
15.8496 
18.8976 
21.9456 
24.9936 
28.0417 


0.9144 

3.9624 

7.0104 
10.0584 
13.1064 
16.1544 
19.2024 
22.2504 
25.2984 
28.3465 


1.2192 

4.2672 

7.3152 
10.3632 
13.4112 
16.4592 
19.5072 
| 22.5552 
25.6033 
28.6513 


1.5240 

4.5720 

7.6200 
10.6680 
13.7160 
16.7640 
19.8120 
22.8600 
25.9081 
28.9561 


1.8288 

4.8768 

7.9248 
10.9728 
14.0208 
17.0688 
20.1168 
23.1648 
26.2129 
29.2609 


2.1336 

5.1816 

8.2296 
11.2776 
14.3256 
17.3736 
20.4216 
23.4696 
26.5177 
29.5657 


2.4384 
5.4864 
8.5344 
11.5824 
14.6304 
17.6784 
20.7264 
23.7744 
26.8225 


2.7432 
5.7912 
8.8392 
11.8872 
14.9352 
17.9832 
21.0312 
24.0792 
27.1273 


29.8705 


30.1753 


PouNDs PER Foot TO KILOGRAMS 


PER MEetTER—1 bb., 


/ft. 


=1.488161 kg/m 


N OF 
du, “ify 
| 


0 1 


2 


3 


4 5 


6 


7 


8 


9 


OONAaArwnreoe 


1.488 
16.370 
31.251 
46.133 
61.015 
75.896 
90.778 

105.659 
120.541 
135.423 


14.882 
29.763 
44.645 
59.526 
74.408 
89.290 
104.171 
119.053 
133.934 


2.976 
17.858 
32.740 
47.621 
62.508 
77.384 
92.266 

107.148 
122.029 
136.911 


4.464 
19.346 
34.228 
49.109 
63.991 
78.873 
93.754 

108.636 
123.517 
138.399 


5.953 
20.834 
35.716 
50.597 
65.479 


7.441 
22.322 
37.204 
52.086 
66.967 
80.361] 81.849 
95.242] 96.730 
110.124) 111.612 
125.006 | 126.494 
139.887 | 141.375 


8.929 
23.811 
38.692 
53.574 
68.455 
83.337 
98.219 


113.100} 


127.982 
142.863 


10.417 
25.299 
40.180 
55.062 
69.944 
84.825 
99.707 
114.588 
129.470 
144.352 


11.905 
26.787 
41.669 
56.550 
71.432 
86.313 
101.195 


116.077 
130.958 
145.840 


13.393 
28.275 
43.157 
58.038 
72.920 
87.802 
102.683 
117.565 
132.446 
147.328 


PouNDS PER Sq. INcH TO KG. PE 


RSaq. Cu.—1 


Ib. /in. 


2—=0,.0703067 ke /em? 


0 


1 


2 


3 4 


5 


6 


7 8 


9 


OONoOorRWNH SO 


0.07031 


9.70307 
1.40613 
2.10920 
2.81227 
3.51534 
4.21840 
4.92147 
5.62454 


0.77337 
1.47644 
2.17951 
2.88257 
3.58564 
4.28871 
4.99178 
5.69484 


6.32760 | 6.39791 


0.14061 
0.84368 
1.54675 
2.24981 
2.95288 
3.65595 
4.35902 
5.06208 
5.76515 
6.46822 


0.21092 
0.91399 


0.28123 
0.98429 
1.61705) 1.68736 
2.32012 | 2.39043 
3.02319} 3.09349 
3.72626 | 3.79656 
4.42932) 4.49963 
5.13239] 5.20270 


0.35153 
1.05460 
1.75767 
2.46073 
3.16380 
3.86687 
4.56994 
5.27300 


5.83546 | 5.90576 
6.53852 | 6.60883 


5.97607 
6.67914 


0.42184 
1.12491 
1.82797 
2.53104 
3.23411 
3.93718 
4.64024 
5.34331 
6.04638 
6.74944 


0.49215 
1.19521 
1.89828 
2.60135 
3.30441 
4.00748 
4.71055 
5.41362 
6.11668 
| 6.81975 


0.56245 
1.26552 


3.37472 
4.07779 
4.78086 
5.48392 
6.18699 
6.89006 


0.63276 
1.33583 
2.03889 
2.74196 
3.44503 
4.14810 
4.85116 
5.55423 
6.25730 
6.96036 


Incu- 


POUNDS TO KILoGRAM-CEN TIMETERS—1 in-lb.=1. 152127 kg-cm 


1 


4 


5 


6 


7 8 


=} 


9 


| ponomhwnwrs |? 


1.152 
12.673 
24.195 
35.716 
47.237 
58.758 
70.280 
81.801 
93.322 


104.844 


4.609 
16.130 
27.651 
39.172 
50.694 
62.215 
73.736 
85.257 
$6.779 

108.300 


5.761 
17.282 
28.803 
40.324 
51.846 
63.367 


74.888 
86.410 


97.931 


109.452 | 110.604} 111.756 


6.913 
18.434 
29.955 
41.477 
52.998 
64.519 
76.040 
87.562 
99.083 


8.065 
19.586 
31.107 
42.629 
54.150 
65.671 
77.193 
88.714 

100.235 


9.217 
20.738 
32.260 
43.781 
55.302 
66.823 
78.345 
89.866 

101.387 
112.908 


384 


SE TA 


10.369 
21.890 
33.412 
44.933 
56.454 
67.975 
79.497 
91.018 
102.539 
114.061 


Be AND ee 


METRIC CONVERSION TABLES 
Meters To Frer—! m=3.2808333 ft. 


OR 

Rp 0 1 2 3 4 5 6 7 8 9 
0 3.281| 6.562) 9.843| 13.123] 16.404] 19.685] 22.966] 26.247) 29.528 
1 32.808] 36.089] 39.370] 42.651) 45.932] 49.213] 52.493] 55.774] 59.055 | 62.336 
2 65.617| 68.898] 72.178] 75.459) 78.740] 82.021] 85.302} 88.583] 91.863] 95.144 
3 98.425 | 101.706 | 104.987 | 108.268 | 111.548 | 114.829 | 118.110| 121.391 | 124.672 | 127.953 
4 — | 131.233] 134.514] 137.795 | 141.076] 144.357 | 147.638 | 150.918] 154.199 | 157.480 | 160.761 
5 | 164.042 | 167.323 | 170.603 | 173.884 | 177.165 | 180.446] 183.727] 187.008] 190.288 | 193.569 
6 | 196.850 | 200.131 | 203.412 | 206.693 | 209.973 | 213.254 | 216.535 | 219.816 | 223.097 | 226.378 
7 | 229.658] 232.939 | 236.220) 239.501 | 242.782 | 246.063 | 249.343 | 252.624] 255.905 | 259.186 
8 | 262.467 | 265.748] 269.028 | 272.309 | 275.590| 278.871 | 282.152] 285.433 | 288.713 | 291.994 
9 | 295.275 | 298.556 | 301.837 | 305.118 | 308.398 | 311.679 | 314.960 | 318.241 | 321.522 | 324.803 

KILOGRAMS Por Meurer ro Pounps Per Foot—l kg/m=0.67197 lb. /ft. 

Ge | 

Ley Ues| 0 1 2 3 4 5 6 7 8 9 
eo ~ 
0 0.6720] 1.3439| 2.0159] 2.6879] 3.3599] 4.0318| 4.7038] 5.3758] 6.0477 
1 6.7197| 7.3917] 8.0636 | 8.7356} 9.4076| 10.0796 | 10.7515 | 11.4235 | 12.0955 | 12.7674 
Q | 13.4394 | 14.1114 | 14.7833 | 15.4553 | 16.1273 | 16.7993 | 17.4712 | 18.1432 | 18.8152] 19.4871 
3 | 20.1591 | 20.8311 | 21.5030 | 22.1750 | 22.8470] 23.5190 | 24.1909 | 24.8629 | 25.5349) 26.2068 
4 | 26.8788 | 27.5508 | 28.2227 | 28.8947 | 29.5667 | 30.2387 | 30.9106 | 31.5826 | 32.2546 | 32.9265 
5 | 33.5985 | 34.2705 | 34.9424 | 35.6144 | 36.2864 | 36.9584 | 37.6303 | 38.3022 | 38.9743 | 39.6462 
6 | 40.3182 | 40.9902 | 41.6621 | 42.3341 | 43.0061 | 43.6781 | 44.3500 | 45.0220 | 45.6940 | 46.3659 
7 | 47.0379 | 47.7099) 48.3818 | 49.0538 | 49.7258 | 50.3978 | 51.0697 | 51.7417 | 52.4137 | 53.0856 
8 | 53.7576 | 54.4296 | 55.1015 | 55.7735 | 56.4455 | 57.1175 | 57.7894 | 58.4614 | 59.1334 | 59.8053 
9 | 60.4773 | 61.1493 | 61.8212 } 62.4932 | 63.1652 | 63.8372 | 64.5091 | 65.1811 | 65.8531 | 66.5250 


Ka. PER SQ. 


Cm. To Pounps PER Sa. Incu—! kg/em?=14.2234 Ibs. /in.? 


O, 
Re ie 


1 


2 


3 4 


5 


6 


~I 


8 9 


OOoIMAHHPWNYRH SO 


14.22 
156.46 
298.69 
440.93 
583.16 
725.39 
867.63 

1009.86 
1152.10 
1294.33 


28.45 
170.68 
312.91 
455.15 
597.38 
739.62 
881.85 


1024.08 
1166.32 
1308.55 


42.67 
184.90 
327.14 
469.37 
611.61 
753.84 
896.07 

1038.31 
1180.54 
1322.78 


56.89 
199.13 
341.36 
483.60 
625.83 
768.06 
910.30 

1052.53 
1194.77 
1337.00 


213.35 
355.59 
497.82 
640.05 
782.29 
924.52 
1066.76 
1208.99 
1351.22 


71,12 


85.34 
227.57 
369.81 
512.04 
654.28 
796.51 
938.74 
1080.98 
1223.21 


1365.45 | 


952.97 
1095.20 
1237.44 
1379.67 


128.01 
270,24 
412.48 
554.71 
696.95 
839.18 
981.41 
1123.65 
1265.88 
1408.12 


113.79 
256.02 
398.26 
540.49 
682.72 
824.96 
967.19 
1109.43 
1251.66 
1393.89 


KILoGRAM-CENTIMETERS to Incu-PoUNDS 


—l kg /cm=0.86796 


in. /Ib. 


ELS 
/= | 


SS 
Le 0 


1 


2 


3 4 


5 


6 


if 


8 9 


8.6796 
17.3592 
26.0388 
34.7184 
43.3980 
52.0776 
60.7572 
69.4368 
78.1164 


Oononrwnwnreo 


0.8680 

9.5476 
18.2272 
26.9068 
35.5864 
44.2660 
52.9456 
61.6252 
70.3048 
78.9844 


1.7359 


10.4155 
19.0951 
27.7747 
36.4543 | 


45.1339 | 
53.8135) 


62.4931 
71.1727 
79.8523 


2.6039 
11.2835 
19.9631 
28.6427 
37.3223 
46.0019 | 46.8698 
54.6815 | 55.5494 
63.3611 | 64.2290 
72.0407 | 72.9086 
80.7208 } 81.5882 


3.4718 
12.1514 
20.8310 
29.5106 


385 


38.1902 | 


4.3398 
13.0194 
21.6990 
30.3786 
39.0582 
47.7378 
56.4174 
65.0970 
73.7766 


82.4562 


5.2078 
13.8874 
22.5670 
31.2466 
39.9262 
48.6058 
57.2854 
65.9650 
74.6446 
83.3242 


6.0757 
14.7553 
23.4349 
82.1145 
40.7941 
49.4737 
58.1533 
66.8329 
75.5125 


84.1921 


6.9437} 7.8116 
15.6233 | 16.4912 
24.3029 | 25.1708 
32.9825 | 33.8504 
41.6621 42.5300 
50.3417 | 51.2096 
59.0213 | 59.8892 
67.7009 | 68.5688 
76.3805 | 77.2484 


85.0601 | 85.9280 


_— —— - aS 


CARNEGIE STEEL COMPANY 


METRIC CONVERSION TABLE 
Incues TO MILLIMETERS 


39.37 inches, U. S. Standard=1 meter=100 centimeters=1000 millimeters. 


Inches (0) We | 1% | %e V4 "6 36 416 
| | 
BS|  °8d8) «AN76) 61635). 7.04) 00s tiem 
25:40| 26.99 | 28.58] 30.16] 31.75| 33.34) 34.93| 36.51 
2 50.80; 52.39| 53.98| 55.56| 57.15| 58.74] 60.33| 61.91 
3 76.20| 77.79| 79.38| 80.96] 82.55; 84.14] 85.73] 87.31 
4 | 101.60] 103.19| 104.78] 106.36] 107.95] 109.54] 111.13) 112.71 
5 | 127.00| 128.59| 130.18) 131.76] 133.35] 134.94| 136.53; 138.11 
6 | 152.40] 153.99] 155.58| 157.16| 158.75| 160.34] 161.93| 163.51 
7 | 177.80] 179.39] 180.98] 182.56] 184.15] 185.74] 187.33] 188.91 
g | 203.20] 204.79} 206.38| 207.96) 209.55| 211.14| 212.73| 214.31 
9 | 228.60] 230.19| 231.78| 233.36| 234.95| 236.54] 238.13] 239.71 
10 | 254.00| 255.59} 257.18| 258.76| 260.35| 261.94| 263.53) 265.11 
11 | 279.40] 280.99] 282.58] 284.16] 285.75| 287.34] 288.93] 290.51 
12 | 304.80| 306.39] 307.98| 309.56| 311.15| 312.74| 314.33| 315.91 
13 | 330.20] 331.79] 333.38| 334.96| 336.55| 338.14) 339.73] 341.31 
14 | 355.60| 357.19] 358.78| 360.36| 361.95| 363.54| 365.13| 366.71 
15 | 381.00| 382.59| 384.18| 385.76| 387.35| 388.94] 390.53] 392.11 
16 | 406.40| 407.99] 409.58| 411.16| 412.75| 414.34| 415.93| 417.51 
17 | 431.80| 433.39] 434.98| 436.56, 438.15| 439.74| 441.33] 442.91 
18 | 457.20| 458.79| 460.38| 461.96| 463.55 


26 660.40| 661.99} 663.58| 665.16] 666.75| 668.34] 669.93| 671.51 
27 685.80] 687.39] 688.98] 690.56) 692.15] 693.74] 695.33} 696.91 
28 711.20| 712.79| 714.38| 715.96) 717.55| 719.14) 720.73) 722.31 
29 736.60} 738.19| 739.78) 741.36) 742.95| 744.54) 746.13) 747.71 
30 762.00} 763.59| 765.18) 766.76| 768.35) 769.94) 771.53] 773.11 


31 787.40] 788.99] 790.58] 792.16) 793.75] 795.34) 796.93) 798.51 
32 812.80] 814.39] 815.98] 817.56] 819.15] 820.74) 822.33] 823.91 
33 838.20] 839.79| 841.38] 842.96) 844.55] 846,14| 847.73] 849.31 
34 863.60] 865.19] 866.78} 868.36) 869.95) 871.54) 873.13) 874.71 
35 889.00) 890.59} 892.18} 893.76| 895.35] 896.94| 898.53) 900.11 


36 914.40} 915.99] 917.58] 919.16] 920.75) 922.34] 923.93) 925.51 
37 939.80| 941.39) 942.98| 944.56] 946.15] 947.74] 949.33] 950.91 
38 965.20} 966.79| 968.38] 969.96] 971.55) 973.14| 974.73] 976.31 
39 990.60} 992.19) 993.78] 995.36} 996.95) 998.54] 1000.13 | 1001.71 
40 | 1016.00] 1017.59 | 1019.18 | 1020.76 | 1022.35 | 1023.94 | 1025.53 | 1027.11 


41 1041.40} 1042.99 | 1044.58 | 1046.16 | 1047.75 | 1049.34 | 1050.93 | 1052.51 
42 1066.80 | 1068.39 | 1069.98 | 1071.56 | 1073.15 | 1074.74 | 1076.33 | 1077.91 
43 1092.20} 1093.79 | 1095.38 | 1096.96 | 1098.55 | 1100.14] 1101.73 | 1103.31 
44 1117.60] 1119.19 | 1120.78) 1122.36 | 1123.95 | 1125.54 | 1127.13 | 1128.71 
45 1143.00} 1144.59 | 1146.18 | 1147.76 | 1149.35] 1150.94 | 1152.53 | 1154.11 


46 |1168.40) 1169.99} 1171.58 | 1173.16) 1174.75 | 1176.34] 1177.93 | 1179.51 
47 1193.80] 1195.39 | 1196.98 | 1198.56 | 1200.15} 1201.74] 1203.33 | 1204.91 
48 1219.20 | 1220.79 | 1222.38 | 1223.96 | 1225.55 | 1227.14| 1228.73 | 1230.31 
49 1244.60} 1246.19 | 1247.78 | 1249.36 | 1250.95 | 1252.54| 1254.13 | 1255.71 
60 | 1270.00) 1271.59} 1273.18 | 1274.76 | 1276.35 | 1277.94 | 1279.53 | 1281.11 
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MEASURES AND WEIGHTS 


39.37 inches, U. 


METRIC CONVERSION TABLE 


IncuEes to Minium TERS 


S. Standard=1 meter=100 centimeters=1000 millimeters 


Inches | 44 %e % | Meo % | 1%6 %& | Me 

0 12.70 14.29 15.88 17.46 19.05 20.64 22.23) 23.81 

il 38.10 39.69 41.28 42.86 44.45 46.04 47.63 49.21 

2 63.50 65.09 66.68 68.26 69.85 71.44 73.03| 74.61 

3 88.90 90.49 92.08 93.66 95.25 96.84 98.43} 100.01 

4 114.30| 115.89|) 117.48) 119.06) 120.65) 122.24] 123.83) 125.41 

5 139.70) 141.29} 142.88| 144.46] 146.05] 147.64] 149.23] 150.81 

6 165.10} 166.69] 168.28] 169.86] 171.45) 173.04] 174.63] 176.21 

tf 190.50} 192.09) 193.68] 195.26) 196.85) 198.44] 200.03} 201.61 

8 215.90) 217.49} 219.08] 220.66| 222.25| 223.84) 225.43] 227.01 

9 241.30) 242.89| 244.48) 246.06] 247.65] 249.24] 250.83] 252.41 
10 266.70) 268.29] 269.88] 271.46) 273.05| 274.64) 276.23] 277.81 
11 292.10] 293.69/ 295.28] 296.86| 298.45) 300.04] 301.63/ 303.21 
12 317.50} 319.09] 320.68] 322.26] 323.85] 325.44) 327.03| 328.61 
13 342.90) 344.49! 346.08] 347.66) 349.25] 350.84] 352.43] 354.01 
14 368.30] 369.89] 371.48| 373.06] 374.65| 376.24; 377.83) 379.41 
15 393.70| 395.29| 396.88] 398.46] 400.05| 401.64] 403.23) 404.81 
16 419.10] 420.69| 422.28} 423.86] 425.45| 427.04) 428.63] 430.21 
17 444.50) 446.09] 447.68] 449.26) 450.85] 452.44] 454.03) 455.61 
18 469.90) 471.49; 473.08) 474.66) 476.25; 477.84] 479.43) 481.01 
19 495.30] 496.89}; 498.48| 500.06) 501.65] 503.24] 504.83] 506.41 
20 520.70] 522.29] 523.88) 525.46] 527.05) 528.64] 530.23] 531.81 
21 546.10) 547.69} 549.28] 550.86) 552.45) 554.04) 555.63] 557.21 
22 571.50| 573.09} 574.68} 576.26] 577.85] 579.44] 581.03| 582.61 
23 596.90| 598.49} 600.08] 601.66) 603.25} 604.84] 606.43) 608.01 
24 622.30] 623.89| 625.48) 627.06| 628.65) 630.24) 631.83] 633.41 
25 647.70! 649.29] 650.88] 652.46| 654.05] 655.64| 657.23/ 658.81 
26 673.10| 674.69) 676.28] 677.86] 679.45| 681.04} 682.63) 684.21 
27 698.50] 700.09] 701.68) 703.26] 704.85] 706.44| 708.03| 709.61 
28 723.90| 725.49] 727.08] 728.66] 730.25] 731.84! 733.43] 735.01 
29 749.30) 750.89} 752.48] 754.06) 755.65| 757.24| 758.83] 760.41 
30 774.70] 776.29| 777.88| 779.46| 781.05| 782.64) 784.23] 785.81 
31 800.10| 801.69} 803.28] 804.86] 806.45) 808.04| 809.63; 811.21 
32 825.50] 827.09] 828.68] 830.26] 831.85] 833.44] 835.03] 836.61 
33 850.90] 852.49} 854.08| 855.66] 857.25) 858.84) 860.43/ 862.01 
34 876.30] 877.89| 879.48] 881.06| 882.65] 884.24] 885.83] 887.41 
35 901.70] 903.29] 904.88] 906.46} 908.05] 909.64] 911.23]| 912.81 
36 927.10] 928.69! 930.28] 931.86] 933.45) 935.04] 936.63) 938.2] 
37 952.50] 954.09] 955.68] 957.26] 958.85] 960.44) 962.03) 963.61 
38 977.90| 979.49] 981.08] 982.66] 984.25] 985.84] 987.43) 989.01 
39 1003.30] 1004.89 | 1006.48 | 1008.06 | 1009.65 | 1011.24) 1012.83) 1014.41 
40 | 1028.70] 1030.29 | 1031.88 | 1033.46 | 1035.05 | 1036.64} 1038.23 | 1039.81 
41 1054.10] 1055.69 | 1057.28 | 1058.86 | 1060.45 | 1062.04 | 1063.63 | 1065.21 
42 1079.50] 1081.09] 1082.68] 1084.26 | 1085.85 | 1087.44] 1089.03 | 1090.61 
43 1104.90] 1106.49] 1108.08] 1109.66 | 1111.25| 1112.84) 1114.43 / 1116.01 
44 1130.30] 1131.89 | 1133.48] 1135.06 | 1136.65} 1138.24) 1139.83] 1141.41 
45 1155.70 | 1157.29 | 1158.88 | 1160.46 | 1162.05 | 1163.64 | 1165.23 | 1166.81 
46 1181.10| 1182.69 | 1184.28 | 1185.86 | 1187.45] 1189.04/ 1190.63 | 1192.21 
47 1206.50 | 1208.09 | 1209.68 | 1211.26 | 1212.85 | 1214.44] 1216.03] 1217.61 
48 1231.90 | 1233.49 | 1235.08 | 1236.66 | 1238.25 | 1239.84] 1241.43) 1243.01 
49 | 1257.30 | 1258.89 | 1260.48 | 1262.06 | 1263.65 | 1265.24 | 1266.83 | 1268.41 
59 1284.29 | 1285.88 1289.05 | 1290.64 | 1292.23 | 1293.81 


1282.70 


1287.46 
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CARNEGIE STEEL COMPANY 


METRIC CONVERSION TABLE 


Pounps Avorrpupois TO KrLoGRAMS 


1 Pound=0.45359 Kilograms 


0 1 2) 3 | 4 | 5 ee 9 
| 
| o.45| 0.91] 1.36 1.81] 2.27] 2.72| 3.18) 3.63 
4,54, 4.99] 5.44) 5.90, 6.35} 6.80] 7.26 7.71) 8.16) & 
9.07| 9.53) 9.98) 10.43) 10.89) 11.34 11.79) 12.25 70) 1 
13.61| 14.06] 14.51] 14.97] 15.42} 15.88] 16.33] 16.78) 17.24) 1 
18.14} 18.60} 19.05] 19.50) 19.96] 20.41) 20.87} 21.32) 21.77) 2 
22.68| 23.13) 23.59] 24.04] 24.49) 24.95) 25.40; 25.85] 26.31) 2 
97.22) 27.67| 28.12] 28.58; 29.031 29.48 29.94) 30.39 
31.75) 32.21) 32.66| 33.11) 33.57| 34.02] 34.47) 34.93 
36.29| 36.74] 37.19| 37.65) 38.10] 38.56] 39.01) 39.46 
40.82| 41.28] 41.73) 42.18] 42.64) 43.09) 43.54) 44.00 
45.36, 45.81, 46.27| 46.72| 47.17) 47.63, 48.08) 48.53 
49.90; 50.35] 50.80) 51.26, 51.71) 52.16 52.62) 53.07 
54.43| 54.88, 55.34) 55.79| 56.25| 56.70) 57.15| 57.61 
58.97| 59.42] 59.87| 60.33| 60.78| 61.23) 61.69] 62.14 
63.50) 63.96] 64.41) 64.86) 65.32) 65.77) 66.22) 66.68 
68.04) 68.49} 68.95) 69.40) 69.85) 70.31; 70.76) 71.21 
72.57| 73.03] 73.48) 73.94) 74.39) 74.84). 75.30) 75.75 
77.11| 77.56) 78.02| 78.47| 78.93] 79.38 79.83] 80.29 
81.65] 82.10] 82.55] 83.01| 83.46) 83.91) 84.37) 84.82 
86.18] 86.64] $7.09) 87.54) 88.00) 88.45) 88.90) 89.36 
90.72} 91.17] 91.63] 92.08) 92.53} 92.99] 93.44) 93.89 
95.25) 95.71] 96.16] 96.62} 97.07| 97.52) 97.98) 98.43 


99.79) 100.24) 100.70) 101.15) 101.60) 102.06) 102.51) 102.97 
104.33) 104.78] 105.23] 105.69) 106.14) 106.59] 107.05) 107.50 
108.86] 109.32] 109.77] 110.22) 110.68) 111.13) 111.58/112.04 
113.40) 113.85) 114.31) 114.76) 115.21) 115.67| 116.12) 116.57 


117.93} 118.39] 118.84) 119.29) 119.75) 120.20) 120.66) 121.11 


122.47] 122.92] 123.38) 123.83] 124.28] 124.74) 125.19] 125.65 
127.01) 127.46) 127.91) 128.37| 128.82) 129.27) 129.73] 130.18 
131.54| 132.00) 132.45) 132.90) 133.36) 133.81) 134.26] 134.72 
136.08) 136.53/ 136.98) 137.44) 137.89) 138.35) 138.80) 139.25 


140.61) 141.07| 141.52) 141.97| 142.43) 142.88] 143.34) 143.79 
145.15] 145.60) 146.06) 146.51) 146.96) 147.42) 147.87) 148.32 
149.69! 150.14) 150.59} 151.05) 151.50) 151.95) 152.41) 152.86 
154.22) 154.68) 155.13) 155.58) 156.04) 156.49) 156.94) 157.40 
158.76) 159.21) 159.66) 160.12) 160.57| 161.03) 161.48) 161.93 


163.29) 163.75) 164.20) 164.65) 165.11] 165.56) 166.01] 166.47 
167.83) 168.28) 168.74) 169.19] 169.64) 170.10) 170.55) 171.00 
172.37] 172.82) 173.27) 173.73) 174.18) 174.63] 175.09] 175.54 
176.90} 177.35) 177.81) 178.26) 178.72) 179.17) 179.62] 180.08 
181.44) 181.89) 182.34) 182.80) 183.25) 183.70) 184.16) 184.61 


185.97| 186.43) 186.88] 187.33) 187.79] 188.24] 188.69] 189.15 
190.51} 190.96) 191.42) 191.87) 192.32) 192.78] 193.23] 193.68 
195.04) 195.50) 195.95) 196.41] 196.86) 197.31] 197.77| 198.22 
199.58} 200.03) 200.49) 200.94) 201.40) 201.85] 202.30) 202.76 
204.12) 204.57| 205.02) 205.48] 205.93] 206.38) 206.84) 207.29 


208.65] 209.11) 209.56) 210.01] 210.47] 210.92! 211.37] 211.83 
213.19} 213.64] 214.10) 214.55) 215.00) 215.46] 215.91] 216.36 
217.72) 218.18) 218.63) 219.09] 219.54) 219.99] 220.45] 220.90 
222.26] 222.71| 223.17| 223.62) 224.07| 224.53] 224.98] 225,44 
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MEASURES AND WEIGHTS 


METRIC CONVERSION TABLE 


Pounps AvorrpDuPois To KiLoGRAMS 


1 Pound=0.45359 Kilograms 


Pounds (0) il 2 3 4 5 6 if 8 9 
50 226.80) 227.25] 227.70) 228.16] 228.61] 229.06) 229.52) 229.97] 230.42] 230.88 
51 231.33) 231.79) 232.24) 232.69] 233.15] 233.60] 234.05) 234.51] 234.96) 235.41 
52 | 235.87| 236.32) 236.78] 237,23] 237.68] 238.14) 238.59] 239.04] 239.50) 239.95 
53 | 240.40) 240.86) 241.31] 241,76) 242.22) 242.67| 243.13] 243.58] 244.03] 244.49 
54 | 244.94) 245.39) 245.85) 246.30) 246.75] 247.21] 247.66] 248.12) 248.57| 249.02 
55 | 249.48) 249.93) 250.38) 250.84) 251.29] 251.74) 252.20) 252.65] 253.10) 253.56 
56 | 254.01) 254.47) 254.92) 255.37) 255.83) 256.28] 256.73] 257.19] 257.64| 258.09 

7 | 258.55) 259.00) 259.45] 259.91/ 260.36) 260.82] 261.27] 261.72| 262.18] 262.63 
58 | 263.08) 263.54) 263.99) 264.44) 264.90) 265.35] 265.81] 266.26) 266.71) 267.17 
59 | 267.62) 268.07] 268.53] 268.98) 269.43] 269.89] 270.34] 270.79) 271.25] 271.70 
60 | 272.16) 272.61) 273.06] 273.52] 273.97| 274.42) 274.88] 275.33] 275.78] 276.24 

1 | 276.69) 277.14) 277.60) 278.05] 278.51) 278.96] 279.41] 279.87| 280.32) 280.77 
62 | 281.23) 281.68] 282.13] 282.59] 283.04| 283.50] 283.95] 284.40] 284.86) 285.31 
63 | 285.76) 286.22) 286.67| 287.12] 287.58] 288.03] 288.48] 288.94] 289.39] 289.85 
64 | 290.30) 290.75/ 291.21] 291.66) 292.11] 292.57| 293.02) 293.47| 293.93] 294.38 
65 | 294,84) 295.29] 295.74] 296.20] 296.65] 297.10) 297.56] 298.01) 298.46] 298.92 
66 . | 299.37| 299.82] 300.28) 300.73] 301.19) 301.64) 302.09] 302.55] 303.00) 303.45 
67 | 303.91) 304.36! 304.81) 305.27| 305.72) 306.17] 306.63] 307.08] 307.54] 307.99 
68 | 308.44] 308.90} 309.35] 309.80} 310.26) 310.71) 311.16] 311.62) 312.07/ 312.53 
69 | 312.98) 313.43) 313.89) 314.34) 314.79) 315.25] 315.70) 316.15] 316.61) 317.06 
70 =| 317.51| 317.97) 318.42] 318.88] 319.33] 319.78] 320.24) 320.69] 321.14] 321.60 
71 | 322.05) 322.50) 322.96) 323.41] 323.86) 324.32) 324.77/ 325.23) 325.68] 326.13 
72 |326.59| 327.04|327.49| 327.95] 328.40] 328.85] 329.31] 329.76) 330.22] 330.67 
73 | 331.12] 331.58/332.03] 332.48) 332.94) 333.39) 333.84] 334.30) 334.75] 335.20 
74 |335.66| 336.11] 336.57| 337.02) 337.47| 337.93) 338.38] 338.83] 339.29] 339.74 
75 | 340.19) 340.65] 341.10) 341.56] 342.01) 342.46) 342.92) 343.37/ 343.82] 344.28 
76 |344.73/ 345.18) 345.64) 346.09] 346.54| 347.00] 347.45) 347.91) 348.36] 348.81 
77 |349.27| 349.72) 350.17] 350.63] 351.08] 351.53) 351.99) 352.44) 352.89) 353.35 
78 | 353.80) 354.26) 354.71] 355.16) 355.62] 356.07| 356.52) 356.98) 357.43) 357.88 
79 | 358.34! 358.79] 359.25] 359.70] 360.15] 360.61) 361.06) 361.51) 361.97] 362.42 
80 | 362.87] 363.33] 363.78] 364.23] 364.69) 365.14) 365.60) 366.05) 366.50} 366.96 
81 | 367.41| 367.86] 368.32] 368.77| 369.22) 369.68] 370.13] 370.59] 371.04| 371.49 
82 | 371.95] 372.40) 372.85) 373.31] 373.76] 374.21| 374.67] 375.12) 375.57| 376.03 
83 |376.48] 376.94) 377.39] 377.84 378.30] 378.75] 379.20] 379.66) 380.11) 380.56 
84 |381.02) 381.47| 381.92] 382.33] 382.83] 383.29] 383.74] 384.19] 384.65) 385.10 
85 1385.55] 386.01] 386.46] 386.91] 387.37] 387.82) 388.28] 388.73) 389.18] 389.64 
86 | 390.09] 390.54/391.00| 391.45] 391.90) 392.36] 392.81) 393.26) 393.72) 394.17 
87 1394.63] 395.08|395.53] 395.99] 396.44/ 396.89) 397.35] 397.80] 398.25] 398.71 
88 |399.16] 399.61|400.07| 400.52] 400.98] 401.43] 401.88] 402.34] 402.79) 403.24 
89 | 403.78] 404.15] 404.60] 405.06] 405.51|405.97| 406.42) 406.87] 407.33) 407.78 
90 | 408.23) 408.69] 409.14] 409.59) 410.05} 410.50) 410.95] 411.41] 411.86) 412.32 
91 | 412.77] 413.22)413.68] 414.13] 414.58} 415.14) 415.49} 415.94) 416.40] 416.85 
92 |417.31/ 417.76] 418.21] 418.67] 419.12|419.57| 420.03] 420.48] 420.93) 421.39 
93 | 421.84] 422.29] 422.75] 423.20) 423.66]424.11) 424.56) 425.02| 425.47] 425.92 
94 | 426.38] 426.83] 427.28] 427.74] 428.19) 428.64) 429.10) 429.55) 430.01] 430.46 
95 | 430.91| 431.37] 431.82] 432.27| 432.73] 433.18] 433.63] 434.09] 434.54| 435.00 

i 
96 | 435.45] 435.90] 436.36] 436.81] 437.26] 437.72] 438.17] 438.62) 439.08) 439.53 
97 | 439.98] 440.44| 440.89] 441.35] 441.80) 442.25] 442.71] 443.16) 443.61] 444.07 
98 | 444.52] 444.97| 445.43] 445.88] 446.33] 446.79] 447.24] 447.70) 448.15] 448.60 
99 |449.06| 449.51/449.96| 450.42| 450.87] 451.32! 451.78) 452.23] 452.69) 453.14 
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PROPERTIES OF THE CIRCLE 


Circumference of Circle of Dia. 1 = 7 = 3.14159265 
Circumference of Circle=27r 
Dia. of Circle = Circumference x 0.31831 


Diameter of Circle of equal periphery as square = side x 1.27324 
Side of Square of equal periphery as circle diameter x 0.78540 
Diameter of Circle circumscribed about square = side x 1.41421 
Side of Square inscribed in Circle = diameter x 0.70711 


Sa ee 


awrrA° ° 
Are, a= — 59 7 0.017453 5 A 


180° a a 
Angle, A= —_— = 7.29578 —- 


: 4b? 2 , Brie 
Radius, r = ee Marlee Diameter, d = pees 


8b 4b 
——— ° 
Chord, c= 2 2br—b?=2rsin : 
P fo} 
Rise, = r—l6y 472—o? = tan = 2r sin? = 


Rise, b= r+y—Vr?—x?. y=b—r+yr?—x? x=Wr?—(r-+y—b)? 
= 3.14159265, log = 0.4971499 
= 0.3183099, log = 1.5028501 


m7? = 9.8696044, log = 0.9942997 


3 = 0.1013212, log = 1.0057003 


em 
3 
I 


1.7724539, log = 0.2485749 


= = 0.5641896, log = 1.7514251 
os ae 
Tso = 0.0174533, log = 2.2418774 
180 


—— = 57.2957795, log = 1.7581226 
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AREA OF PLANE FIGURES 


Triangle: Base x 14 perpendicular height. 


V 8(s—a) (s—b) (s—e), 


s=!5 sum of the three sides a, b and ec. 


Trapezium: Sum of area of the two triangles. 
Trapezoid: 44 sum of parallel sides x perpendicular height. 
Parallelogram: Base x perpendicular height. 


Regular Polygon: 14 sum of sides x inside radius. 


Circle: w 2 = 0.78540 x dia.? = 0.07958 x circumference?2. 
wy? A° 


Sector of Circle: 360 7 == 0-0087266 r?A° = are x 14 radius. 


; £2. 6 mAS : 5 
Segment of Circle: 3 ( 180 —sin A 


Circle of same area as square: diameter = side x 1.12838 
Square of same area as circle: side = diameter x 0.88623 
Ellipse : Long diameter x short diameter x 0.78540 


Parabola : Base x % perpendicular height. 


Irregular plane surface. 


Divide any plane surface A, B, C, D, along a line a-b into an even 
number, n, of parallel and sufficiently small strips, d, whose ordinates 
BIRD lomig Ime), lok, lVi lee ose ae hn—1, hn, hn+1, and considering contours 
between three ordinates as parabolic curves, then for section ABCD, 


Area“ [hatha y1+4(ho-the-the. .Hhn)+2 (he-+hs-+Hhy.. .-bn.1)] 


or, approximately, Area = Sum of ordinates x width, d. 
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TRIGONOMETRIC FORMULAS 


Kine cotan A==----— > Radius, 1=sin? A+ cos? A 
i t 
| pa ' =sin A cosec A=cosA secA=tanA cotA 
; oe _ Ji ora 
et we A= cot A coseo A —cosa. taniA 
Cosine A aR =sin A cot A=+| 1— sin’ A 


tan A sec A 


: 

as sin A 1 
gq Tangent Ascos A cot A 
8 

' 

Ss 


=sin A secA 


cos A 1 
Cotangent Sa FEST 


=cos A cosec A 


----* _tanA 1 
t Secant a “sin A cosA 
! 
! 
1 c cot A 1 
feamae RAC Smell Cosecant A= =—— > 

tan A+ tan B 
sin (A+B) =sinA cosB+cosA sinB EEN UGGS eb) een 


1+tanA tan B 


cos (A+B) =cosA cosB}sinA sinB cot (A + B) = SA Bt 

gin A + sin B =2 sin 14 (A+ B) cos 4 (A—B) tan A+ tan B= —S2 AEB 

sin A — sinB = 2 cos % (A+ B) sin 44 (A—B) tan A— tan p= 

oos A+ cos B = 2 cos }4 (A+ B) cos 14 (AB) cot A+ cot B= —S2B+ A) 

cos B — cosA = 2 sin 4 (A+ B) sin 4% (A—B) cot A—cot B= ree 

sin 2A SPUN coc tan 2A Ss aero a 

cos 2A = cos? A—sin? A cot 2A 2 et 

cin A= VIER cos a= PEER ten gaa SPA cot ga = SA 
sin? A = SU cos? A a tan? A =e cot? A = fies 
sin? A — sin? B = sin (A + B) sin (A —B) cos? A — sin? B = cos (A + B) cos (A — B) 

sin A+sin B S ianie (AB) sin A+sinB_ 


cos A+ cos B = cot 4 (A+B) 


cos B—cos A 


Quadrant I Il Mt Iv Angle Angle a < 90° 
Angles | 0° to 90° |90°to 180° |180°to270°|270°t0360°| 30° 45° 60° Angle sin cos tan 
Functions Values vary from Equivalent values $° ¢ ¢° ¢ 
i 
sin +0 to +1}+1 to +0—0to—1 ito} % |K4V2|kKvV3 O°+a | +sin a} +cos a|+tan a 
cos +1 to +0—-0 to —1/—1 to—0/+0 to +1 “v3 % Vz % 90°+a |+cos a | +sin a | cota 


tan -+0 to+oo-—co to—0;+ Oto+co}—9 to) 14, V3} 2 180°-+a| +sin a |—cos a|+tana 


V3 
cot +c to+0}—-0 to—co}+ co to+0'—0 to—oo V3 iv % Ve 270°+a|—cos a| +sin a] Feot a 
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TRIGONOMETRIC SOLUTION OF TRIANGLES 


a a ast Oat 
ads 5 
bd b 
Given | Sought Formulae 
RicgHT-ANGLED TRIANGLES 
__ & x aL ey oleae 
ac A, B, b sin A=], cos B= > b=y c a 
Area | Area = = Cae 
| 
a b ies ree Ep Ei 
a,b |A,B,c}tanA=>, tan B= C= 7/ a2 + b2 
Area | Area = ap 
A,a 1385551 Oy Kea B= 90°-A, b=acot A, Ce more 
Area | Area = aie 
A,b |B,a,e B= 90°-A, a=b tan A, cH ay 
2 
Area | Area = E san s 
cy le Basib B= 90°—A, a= cisin A, b= c'cos) A 
ey eae c? sin = cos A Ge c2 se 2A 
OBLIQUE-ANGLED TRIANGLES 
Sean (s—b) (s-c) ae, 8 (s-a) CAs (s—b) (s-c) 
a, by A sin 4 A= NE oe ,A= VEE. tn 4 A= nae 
B sin 7 B= Afi = 008 5 B= es ao , tan 3 B= oe) 
© |sing = YEE cospo= WES tongo= YERed) 
Area | Area = 7/8 (8—a) (s—b) (S-c) 
__ asin B Bora siniGy a arsine(Agans)) 
a, A,B bse Dire sin A sin A sin A 
5 ; a2 sin B sin C 
Area | Area =4absin C= —— se 
a,b, A B singe bsin A 
asin C b sin C A Zo PLD aI ae 
c Cl ae k= an = a+b ab cos 
Area | Area = 4absin OC 
a sin C Bk ashe a 
a, b, C A tan A = F-a cos GO” tan 4 (A-B) =4y7 cota 
Cc c =VY a2 + b2-2 ab cos C — asin 
Area | Area =} ab sin C 


a2 — b2 + e2—2bc cos A, b2=a2 + c2?—2 ac cos B.c?=a2 + b2—2 ab cosC 
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co 


| 


AREA OF CIRCULAR SECTIONS 


o 


Circular Sector, monp 


Area=¥ (length of arc, mpn x radius, r) 
_arc, mp n, in degrees 
360 
=0.0087266 x square of radius, r?,x angle of arc, mpn, in degrees. 


=area of circle x 


Circular Segment, m pn, less than half circle. 


Area=area of sector, mon p—area of triangle, mon 
=(length of arc, mpn,x radius, r) — (radius, r, —rise, b) x chord, ¢ 
2 


Circular Segment, mqn, greater than half circle. 
Area=area of circle—area of segment, Mnp 


Circular Segment, from Table I, page 395. 


Given: rise, b, and chord, c. 
Area=product of rise and chord, bx c, multiplied by the 


coefficient given opposite the quotient of 2. 
Intermediate coefficients for values of a not given 
in tables are obtained by interpolation, 


Example — Given: rise=1.49 and chord=3.52, 
b 1.49 


c= 35 = 0.4233. Coefficient = 0.7542. 
Area=b x cx coeff. =1.49 x 3.52 x 0.7542=3.9556. 


Circular Segment, from Table II, pages 396 and 397. 


Given: rise, b, and diameter, d= 2r. 
Area=square of diameter, d?, multiplied by the 
coefficient given opposite the quotient of 2. 


Intermediate coefficients for values of - not given 


in tables are obtainea by interpolation. 
Example — Given: rise= 274, and diameter=5%o. 


o = 2145 + 5842 = 0.478528. 


Coefficient by interpolation = 0.371233. 
Area=d? x coeff. = 25.94629 x 0.371233 = 9.6321. 


Circular Zone, tuwvy 
Area=area of circle — (area of segment, tpu + area of segment, vq w). 


Circular Lune, mpns 
Area=segment, mp n—segment, msn. 
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AREAS OF CIRCULAR SEGMENTS 


TasLe 1—For Ratios or Risk AND CHORD 


o | Coeffi- b o | Coeffi- b o | Coefti- b o | Coeffi- b 

Ae | cient C A cient C A cient 6) A cient Gr 

1 | .6667 | .0022 |] 46 | .6722 | .1017 91] .6895 | .2097 |136| .7239 | .3373 
2| .6667 | .0044 || 47 | .6724 | .1040 92| .6901 | .2122 ||137| .7249 | .3404 
3 .6667 | .0066 || 48 | .6727 | .1063 93} .6906 | .2148 ||138]| .7260 | .3436 
4.| .6667 | .0087 || 49 | .6729 | .1086 || 94] .6912 | .2174 ||139| .7270 | .3469 
5 | 6667 | 0109 || 50 | .6732 | 1109 | 95| .6918 | .2200 | 140] .7281 | .3501 
6 | .6667 | .0131 || 51 6734 | .1131 96) .6924 | .2226 || 141] .7292 | .3534 
7 | 6668 | .0153 || 52 | .6737 | .1154 | 97] .6930 | .2252 | 142} .7303 | .3567 
8| .6668 | .0175 || 53 | .6740 | .1177 | 98| .6936 | .2279 ||143| .7314 | .3600 
9 | .6669 | .0197 || 54 | .6743 | .1200 || 99] .6942 | .2305 || 144] .7325 | .3633 
10 6670 | .0218 || 55 | .6746 | .1224 || 100] .6948 | .2332 | 145] .7336 | .3666 
11 | .6670 | .0240 || 56 | .6749 | .1247 | 101] .6954 | .2358 || 146) .7348 | .3700 
12 | .6671 | .0262 || 57 | .6752 | .1270 || 102] .6961 | .2385 | 147] .7360 | 3734 
13 | .6672 | .0284 || 58 | .6755 | .1293 | 103 | .6967 | .2412 | 148] .7372 3768 
14 | .6672 | .0306 || 59 | .6758 | .1316 || 104) .6974 | .2439 149) .7384 | .3802 
15 | .6673 | .0328 || 60 | .6761 | .1340 | 105] .6980 | .2466 || 150 .7396 | .3837 
16 | .6674 | .0350 || 61 | .6764 | .1363 ||106| .6987 | .2493 151 .7408 | .3871 
17 | .6674 | .0372 || 62 | .6768 | .1387 | 107] .6994 | .2520 || 152 .7421 | .8906 
18 | .6675 | .0394 || 63 | .6771 | .1410 | 108} .7001 | .2548 153! .7434 | .8942 
19 | .6676 | .0416 || 64 | .6775 | .1434 || 109} .7008 .2575 ||154| .7447 | .3977 
90 | .6677 | .0437 || 65 | .6779 | .1457 |} 110] .7015 | .2603 |} 155 .7460 | .4013 
21 | .6678 | .0459 || 66 | .6782 | .1481 |} 111] .7022 | .2631 156] .7473 | .4049 
22 | .6679 | .0481 || 67 | .6786 | .1505 | 112 .7030 | .2659 ||157| .7486 | .4085 
23| .6680 | .0504 || 68 | .6790 | .1529 113] .703 .2687 ||158] .7500 | .4122 
94 .6681 | .0526 || 69 | .6794 | .1553 || 114) .7045 | .2715 159| .7514 | .4159 
25 .6682 | .0548 || 70 | .6797 | .1577 | 115] .7052 .2743 ||160| .7528 | .4196 
26 | .6684 | .0570 || 71 | .6801 | .1601 116| .7060 | .2772 || 161] .7542 | .4233 
27 | .6685 | .0592 || 72 | .6805 | .1625 117| .7068 | .2800 162) .7557 | .4270 
28 | .6687 | .0614 || 73 | .6809 | .1649 | 118] .7076 | .2829 ||163]| .7571 | .4808 
29 | .6688 | .0636 | 74 | .6814 | .1673 119) .7084 | .2858 | 164] .7586 | .4346 
30 | .6690 | .0658 || 75 | .6818 | .1697 120| .7092 | .2887 | 165] .7601 | .4385 
31 | .6691 | .0681 || 76 | .6822 | .1722 121] .7100 | .2916 || 166| .7616 | .4424 
32 | .6693 | .0703 || 77 | .6826 | .1746 | 122 7109 | .2945 || 167] .7632 | .4463 
33 | .6694 | .0725 || 78 | .6831 | .1771 123] .7117 | .2975 ||168| .7648 | .4502 
34 | .6696 | .0747 || 79 | .6835 | .1795 124] .7126 | .3004 | 169] .7664 | .4542 
35 | .6698 | .0770 || 80 | .6840 | .1820 125] .7134 | .3034 ||170| .7680 | .4582 
36 | .6700 | .0792 || 81 | .6844 | .1845 126| .7143 | .3064 || 171} .7696 | .4622 
37 | .6702 | .0814 || 82 | .6849 | .1869 1271 .7152 | .3094 ||172] .7712 | .4663 
383 | .6704 | .0837 || 83 | .6854 | .1894 128 | .7161 | .3124 173] .7729 | .4704 
39 | .6706 | .0859 || 84 | .6859 | .1919 129| .7170 | .3155 174] .7746 | .4745 
40 | .6708 | .0882 || 85 | .6864 | .1944 130| .7180 | .3185 || 175] .7763 | .4787 
1! .6710 | .0904 || 86 | .6869 | .1970 131| .7189 | .3216 |176| .7781 | .4828 
43 | 6/19 | ‘e027 || 87 | 16874 | 11995 | 132 | 7199 | -3247 [177] .7799 | .4871 
43 6714 | 0049 | 88 | .6879 | .2020 | 133 | .7209 | .3278 |178| .7817 | 4914 
42 6717 | 10972 || 89 | 16884 | 12046 | 134] .7219 | 3309 | 179] .7835 | .4957 
45 | .6719 | .0995 || 90 | .6890 2071 || 135] .7229 | .3341 || 180] .7854 .5000 
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= a 
AREAS OF CIRCULAR SEGMENTS 
Tasue II, ror Ratios oF Ris—E AND DIAMETER 
Area=cd2 x Coefficient 
{ | \| 

Deas cae b cent! © fficient|| P~ |Coeficient|| 2 | Coefiicient 

Sah Coefficient all Cocminieat| “dr Coefficient || —- oefficien a oefficien 
| | | 

.001 | .000042 || .051 | .015119 || .101 | .041477 || .151 | .074590 || .201 | .112625 
.002 | .000119 |) .052 | .015561 || .102 | .042081 | .152 .075307 || .202 | .113427 
.003 | .000219 || .053 | .016008 || .103 | .042687 || .153 .076026 || .203 | .114231 
.004 | .000337 || .054 | .016458 || .104 | .043296 || .154 076747 || .204 | .115036 
.005 | .000471 |) .055 | .016912 || .105 | .043908 || .155 | .077470 205 | .115842 
.006 | .000619 | .056 .017369 || .106 | .044523 || .156 | .078194 | .206 | .116651 
.007 | .000779 | .057 | .017831 |) .107 | .045140 || .157 | .078921 |) .207 | .117460 
.008 | .000952 || .058 | .018297 || .108 | .045759 || .158 | .079650 || .208 | .118271 
.009 | .001135 || .059 | .018766 || .109 | .046381 || .159 | .080380 || .209 | .119084 
010] .001329 || .060 | .019239 || .110 | .047006 .160 | .081112 || .210 | .119898 
.011 | .001533 || .061 | .019716 || .111 | .047633 | .161 | .081847 || .211 | .120713 
012 | .001746 || .062 | .020197 || .112 | .048262 || .162 | .082582 || .212 | .121530 
.013 | .001969 || .063 | .020681 | .113 | .048894 || .163 | .083320 || .213 | .122348 
.014 | .002199 || .064 | .021168 | .114 |] .049529 || .164 | .0S4060 || .214 | .123167 
.015 | .002438 || .065 | .021660 -115 | .050165 || .165 | .084801 || .215 | .123988 
.016 | .002685 || .066 .022155 | -116 | .050805 || .166 | .085545 || .216 | .124811 
.017 | .002940 || .067 | .022653 || .117 | .051446 || .167 | .086290 |) .217 | .125634 
018 | .003202 || .068 | .023155 || .118 | .052090 || .168 | .087037 218 | .126459 
019 | .003472 || .069 | .023660 || .119 | .052737 || .169 | .087785 219 | .127286 
020 | .003749 | .070 | .024168 | .120 | .053385 || .170 | .088536 || .220 | .128114 
.021 | .004032 | .071 | .024680 | .121 | .054037 | .171 | .0S9288 || .221 | .128943 
022 | .004322 | .072 | .025196 | .122 | .054690 || .172 | .090042 || .222 | .129773 
.023 | .004619 || .073 | .025714 || .123 | .055346 || .173 | .090797 || .223 | .130605 
024 | .004922 | .074 | .026236 || .124 | .056004 || .174 | .091555 || .224 |] .131438 
025 | .005231 | 075 .026761 | .125 | .056664 || .175 | .092314 || .225 | .132273 
.026 | .005546 || .076 | .027290 | .126 | .057327 || .176 | .093074 || .226 | .133109 
-027 | .005867 || .077 | .027821 | .127 | .057991 || .177 | .093837 227 | .133946 
-028 | .006194 || .078 | .028356 || .128 | .058658 || .178 | .094601 228 } .134784 
.029 | .006527 | .079 | .028894 || .129 | .059328 || .179 | .095367 || .229 | .135624 
-030 | .006866 || .O80 | .029435 || .130 | .059999 || .180 | .096135 || .230 | .136465 
.031 | .007209 | .081 | .029979 || .131 | .060673 | .181 | .096904 | .231 | .137307 
-032 | .007559 || .082 | .0380526 || .132 | .061349 || .182 | .097675 || .232 | .138151 
-033 | .007913 || .083 | .031077 || .133 | .062027 || .183 | .098447 || .233 | .138996 
-034 | .008273 || .084 | .031630 || .134 | .062707 || .184 | .099221 || .234 | .139842 
-035 | .008638 || .085 | .032186 || .135 | .063389 || .185 | .099997 || .235 | .140689 
036 .009008 || .086 | .032746 || .136 | .064074 || .186 | .100774 || .236 | .141538 
-037 009383 .087 | .033308 || .137 | .064761 || .187 | .101553 || .237 | .142388 
-038 | .009764 || .088 | .033873 || .138 | .065449 || .188 | .102334 || .238 | .143239 
-039 | .010148 || .089 | .034441 || .139 | .066140 || .189 | .103116 || .239 | .144091 
-040 | .010538 || .090 | .035012 || .140 | .066833 || .190 | .103900 || .240 | .144945 
-041 | .010932 || .091 | .0385586 || .141 | .067528 || .191 | .104686 || .241 | .145800 
042 011331 .092 | .036162 || .142 | .068225 || .192 | .105472 || .242 | .146656 
-043 | .011734 || .093 | .036742 || .143 | .068924 || .193 | .106261 || .243 | .147513 
-044 | .012142 || .094 | .037324 || .144 | .069626 || .194 | .107051 || .244 | .148371 
-045 | .012555 || .095 | .037909 || .145 | .070329 || .195 | .107843 || .245 | .149231 
-046 012971 -096 | .038497 || .146 | .071034 || .196 | .108636 || .246 | .150091 
-047 | .013393 || .097 | .039087 || .147 | .071741 || .197 | .109431 || .247 | .150953 
-048 | .013818 || .098 | .039681 || .148 | .072450 || .198 | .110227 || .248 | .151816 
-049 | .014248 || .099 | .040277 || .149 | .073162 || .199 | .111025 || .249 |.152681 
-050 | .014681 || .100 | .040875 || .150 | .073875 || .200 | .111824 || .250 | .153546 
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AREAS OF CIRCULAR SEGMENTS 
Taste II, For Ratios or Risk anp D1ameter—Concluded 
Area=d? x coefficient 

| b Coeftici b ree | F b ellie eb A 

| a ‘oefficient a Coefficient | a Coefficient Ae Coefficient Ai Coefficient 
.251 | 154413 || .301 | .199085 || .351 | .245935 || .401 | .294350 || .451 | .343778 
252 -155281 -302 | .200003 || .852 | .246890 || .402 | .295330 || .452 | .344773 
253 | .156149 || .303 | .200922 || .353 | .247845 || .403 | .296311 | .453 | .345768 
.254 | .157019 || .304 | .201841 || .354 | .248801 || .404 | .297292 || .454 | .346764 
255 | .157891 || .305 | .202762 355 | .249758 || .405 | .298274 || .455 | .347760 
.256 | .158763 || .806 | .203683 || .356 | .250715 || .406 | .299256 || .456 | .348756 
.257 | .159636 || .807 | .204605 || .357 | .251673 || .407 | .300238 || .457 | .849752 
258 | .160511 || .808 | .205528 || .358 | .252632 || .408 | .301221 || .458 | .350749 

| .2591 .161386 || .309 | .206452 || .359 | .253591 | .409 | .802204 || .459 | .351745 

| .260} .162263 || .310 | .207376 || .360 | .254551 || .410 | .303187 || .460 | .352742 
.261 | .163141 || .311 | .208302 361 | .255511 || .411 | 304171 || .461 | .353739 
.262 | .164020 || .312 | .209228 | .362 | .256472 || .412 | .305156 || .462 | .3854736 
.263 | .164900 || .313 | .210155 || .3863 | .257433 || .413 | .806140 || .463 | .855733 
264 | .165781 || .314 | .211083 || .864 | .258395 || .414 | .807125 || .464 | .356730 
.265 | .166663 || .315 | .212011 365 | .259358 || .415 | .808110 || .465 | .357728 

| .266 .167546 || .316 | .212941 || .366 | .260321 || .416 | .309096 || .466 | .358725 
.267 | .168431 | .317 | .213871 367 | .261285 || .417 | .310082 || .467 | .359723 
.268 | .169316 || .318 | .214802 || .368 | .262249 | .418 | .311068 | .468 | .360721 
.269 | .170202 || .319 | .215734 || .369 | .263214 || .419 | .312055 | .469 | .361719 
.270 | .171090 || .320 | .216666 || .370 | .264179 || .420 | .313042 | .470 | .3862717 
.271 | .171978 || .321 | .217600 || .371 | .265145 || .421 | .314029 | .471 | .863715 
.272 | .172868 || .3822 | .218534 || .3872 | .266111 || .422 | .815017 || .472 | .364714 
.273 | 173758 || .323 | .219469 || .373 | .267078 || .423 | .316005 || .473 | .865712 
.274 | .174650 || .324 | .220404 || .374 | .268046 || .424 | .316993 | .474 | .366711 
275 | .175542 || .325 | .221341 || .375 | .269014 || .425 | .317981 | .475 | .3867710 
.276 | .176436 || .326 | .222278 || .376 | .269982 || .426 | .318970 || .476 | .868708 
.277 | .177330 || .3827 | .223216 || .3877 | .270951 || .427 | .319959 || .477 | .369707 
278 | .178226 || .828 | .224154 || .3878 | .271921 || .428 | .820949 || .478 | .370706 
.279 | .179122 || .329 | .225094 || .379 | .272891 || .429 | .321938 |] .479 | .3871705 
.280 | .180020 || .330 | .226034 || .380 | .273861 || .430 | .322928 | .480 | .872704 
.281 | .180918 || .331 | .226974 || .381 | .274832 || .431 | .3823919 || .481 | .3873704 
.282 | .181818 || .332 | .227916 || .382 | .275804 || .432 | .324909 || .482 | .374703 
283 | .182718 || .333 | .228858 || .3883 | .276776 || .433 | .325900 || .483 | .375702 
.284 | 183619 || .334 | .229801 || .384 | .277748 || .434 | .326891 || .484 | .376702 
285 | 184522 || 335 | .230745 | .385 | .278721 | .435 | .327883 || .485 | .377701 
286 | .185425 || .836 | .231689 || .386 | .279695 || .436 | .3828874 | .486 | .3878701 
.287 | .186329 || .337 | .232634 || .887 | .280669 || .437 | .329866 || .487 | .379701 
.288 | .187235 || .338 | .233580 ] .388 | .281643 || .438 | .330858 || .488 | .880700 
.289 | .188141 || .339 | .234526 || .389 | .282618 || .43 .3831851 || .489 | .381700 
.290 | .189048 || .340 | .235473 || .390 | .283593 || .440 | .332843 || .490 | .882700 
.291 | .189956 || .341 | .236421 || .391 | .284569 || .441)| .333836 || .491 | .383700 
.292 | .190865 || .342 | .237369 || .392 | .285545 |) .442 | 334829 | .492 | .384699 
293 | .191774 || .343 | .238319 || .393 | .286521 | .443 | .335823 || .493 | .3885699 
294 | .192685 || .344 | .239268 || .394 | .287499 || .444 | .336816 || .494 | .386699 
295 | .193597 || .345 | .240219 | .395 | .288476 || .445 | .337810 || .495 | .387699 
296 | .194509 || .346 | .241170 || .396 | .289454 || .446 | .338804 || .496 | .388699 
(297 | 195423 || .347 | .242122 || .397 |.290432 || .447 | .339799 || .497 | .389699 
“298 | .196337 || .348 | .243074 || .398 |.291411 |] .448 | .340793 || .498 | .390699 
(299 | .197252 || .349 | .244027 || .399 | .292390 || .449 | .341788 || .499 | .391699 
.300 | .198168 || .350 | .244980 || .400 .450 | .342783 || .500 | .392699 
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SURFACE AND VOLUME OF SOLIDS 
S—LATERAL OR CONVEX SURFACE. V=VOLUME 


3 Parallelopiped 

S=perimeter, P, perp. to sides x lat. length, 1: 12Al 
V=area of base, B x perpendicular height, h: Bh 
V=area of section, A, perp. tosidesxlat.length,1: Al 


/ 


Prism, Right or Oblique, Regular or Irregular 
S=perimeter, P, perp. to sides x lat. length, 1: 121 
V=area of base, B x perpendicular height, h: Bh 
V=area of section, A, perp, tosidesxlat.length, 1: Al 


Cylinder, Right or Oblique, Circular or Elliptic, ete. 
S=perimeter of base, C x perp. height, h: Ch 
S=perimeter, P, perp. to sides x lat. length, 1: ipl 

=area of base, B x perpendicular height, h: Bh 
V=area of section, A, perp. to sides x lat. length, 1: Al 


Frustum of any Prism or Cylinder 


V=area of base, B x perp. distance, h, from base 
to center of gravity of opposite face: 


For cylinder: 1g A (i + le) 


Pyramid or Cone, Right and Regular 
S—=perimeter of base, B x % slant height, |: 1% Bl 
V=area of base, B x 4 perp. height, h: 14g Bh 


Pyramid or Cone, Right or Oblique, Regular or Irregular 

V=area of base, Bx 14 perp. height, h: 1% Bh 

V=15 volume of prism or cylinder of same base 
and perpendicular height 

V=15 volume of hemisphere of.same base and 
perpendicular height 


Frustum of Pyramid or Cone, Right and Regular, 
Parallel Ends 


S=(sum of perimeter of base, B, and top, b) x4 slant 
height, 1: 1441 (B+b) 
V=(sum of areas of base, B, and top, b + square 


root of their products) x14 perp. height, h: 
%h (B+b+7 Bb) 
Frustum of any Pyramid or Cone, Parallel Ends 


V=(sum of areas of base, B, and top, b + square 
root of their products) x 4 perp. height, h: 


%h(B+b+7/ Bb) 
Wedge, Parallelogram Face 
V=\% (sum of three edges,aba x perpendicular 
height, hx perpendicular width, d): 
¥%dh(2a+b) 


Prismatoid 


V=% perp. height, h (sum of areas of base, B, and top 
b, + 4x area of section, M, parallel to bases 
and midway between them): 

f ; %h(B+b+4M 

The Prismatoid formula applies also to any of 

the foregoing solids with parallel bases, to pyramids, 

cones, spherical sections, and to many solids with 
irregular surfaces. 
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SURFACE AND VOLUME OF SOLIDS—Concluded 
S=LATERAL OR CONVEX SurRFAcH. V=VOLUME 


Sphere 
= 4 rs =" ay 2 = 3 14 159265 d2 
V=42 7 r3 = 14 7 d8 0.52359878 d3 


Spherical Sector 
S=, wr (4 b + c) 
BW 


Spherical Segment 
S27 Tb ==4. a (4 2 =F e2) 
V=1s mw b2 (3 r-b) = V4 7 b (3 c2 + 4 Db?) 
Spherical Zone 
Si} 71m 10 48) 
V=1o4 m7 b (3 a2 + 8 c2 + 4 b2) 
Circular Ring 
S=4 7? Rr 
V=2 72 Rr2 


Ungula of Right, Regular Cylinder 


Base=Segment, b a b Base=Half Circle 
S=(2 rm-ox are, bab) =a S=—2 eh 
h 
V=(% m3—o x area, ba b) ro V=% r2 h 
Base=Segment, cac Base=Circle 
S——(2. Gl ep xeance Guar c) Ts S==— 7h! 
V=(% n®? + px area, Cac) [7 o V=16 r2 rh 
Ellipsoid 
V=14 rrab 
Paraboloid 


V=» wr? h 


Ratio of corresponding volumes of a Cone, Parabo- 
loid, Sphere, and Cylinder of equal height: 1: 14: %: 1 


Bodies Generated by Partial or Complete Revolution 


l=length of a curve ; rotating about an axis 1-1 

A=area of a plane on one side and in plane of axis 

r=distance of center of gravity of line or plane from 
axis 1-1 and for any angle of revolution, a°, 


earn ibed t ‘er of gravit 
360 Length of arc described by center of gravity. 
Be §—length of curve x length of arc about axis 


fe} 
=] our For complete revolution S=2r71 


V=area of plane x length of arc about axis 


1 

| 

i ° 

Sepa sah Soe For complete revolution V= 2ra7A 
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Functions oF Numsers, 1 To 49 


Sq Cubi 1000 No. = Diameter 
uare ubic P 
No. |Square| Cube Root Root | Logarithm Raat eee } ts 
1 1 1 | 1.0000 | 1.0000 | 0.00000 | 1000.000 3.142 0.7854 
2 4 8 | 1.4142 | 1.2599 | 0.30103 | 500.000 6.283 3.1416 
3 9 27 | 1.7321 | 1.4422 | 0.47712 | 333.333 9.425 7.0686 
4 16 64 | 2.0000 | 1.5874 | 0.60206 | 250.000 12.566 12.5664 
5 25 125 | 2.2361 | 1.7100 | 0.69897 | 200.000 15.708 19.6350 
6 36 216 | 2.4495 | 1.8171 | 0.77815 166.667 18.850 28.2743 
i 49 343 | 2.6458 | 1.9129 | 0.84510 142.857 21.991} 38.4845 
8 64 512 | 2.8284 | 2.0000 | 0.90309 | 125.000 25.133 50.2655 
9 81 729 | 3.0000 | 2.0801 | 0.95424 EO Ha Ft 28.274 63.6173 
10 | 100 1000 | 3.1623 | 2.1544 | 1.00000 | 100.000 31.416 78.5398 
GE || alpal 1331 | 3.3166 | 2.2240 | 1.04139 90.9091 |} 34.558 | 95.0332 
12 | 144 1728 | 3.4641 | 2.2894 | 1.07918 83.3333 | 37.699} 113.097 
13 | 169 2197 | 3.6056 | 2.3513 | 1.11394 76.9231 | 40.841] 132.732 
14 | 196 2744 | 3.7417 | 2.4101 | 1.14613 71.4286 | 43.982] 158.938 
15 | 225 3375 | 3.8730 | 2.4662 | 1.17609 66.6667 | 47.124] 176.715 
16 256 4096 | 4.0000 | 2.5198 | 1.20412 62.5000 | 50.265) 201.062 
17 289 4913 | 4.1231 | 2.5713 | 1.23045 58.8235 | 53.407 | 226.980 
18 | 324 5832 | 4.2426 | 2.6207 | 1.25527 55.5556 | 56.549| 254.469 
19 | 361 6859 | 4.3589 | 2.6684 | 1.27875 52.6316] 59.690] 283.529 
20 | 400 8000 | 4.4721 | 2.7144 | 1.30103 50.0000 | 62.832] 314.159 
21 | 441 9261 | 4.5826 | 2.7589 | 1.82222 47.6190 | 65.973 | 346.361 
22 484 10648 | 4.6904 | 2.8020 | 1 34242 45.4545 | 69.115] 380.133 
23 | 529] 12167 | 4.7958 | 2.8439 | 1.36173 43.4783 | 72.257] 415.476 
24 | 576] 13824 | 4.8990 | 2.8845 | 1.38021 41.6667 | 75.398} 452.389 
25 | 625] 15625 | 5.0000 | 2.9240 | 1.39794 40.0000 | 78.540} 490.874 
26 | 676! 17576 | 5.0990 | 2.9625 | 1.41497 38.4615 | 81.681 | 530.929 
27 | 729] 19683 | 5.1962 | 3.0000 | 1.43136 37.0370 | 84.823] 572.555 
28 | 784] 21952 | 5.2915 | 3.0366 | 1.44716 35.7143 | 87.965] 615.752 
29 | 841] 24389 | 5.3852 | 3.0723 | 1.46240 34.4828 | 91.106] 660.520 
30 | 900] 27000 | 5.4772 | 3.1072 | 1.47712 33.3333 | 94.248] 706.858 
31 | 961] 29791 | 5.5678 | 3.1414 | 1.49136 32.2581 | 97.389] 754.768 
32 | 1024) 32768 | 5.6569 | 3.1748 | 1.50515 31.2500 | 100.531 | 804.248 
33 | 1089 | 35937 | 5.7446 | 3.2075 | 1.51851 30.3030 | 103.673 | 855.299 
34 | 1156] 39304 | 5.8310 | 3.2396 | 1.53148 29.4118 | 106.814} 907.920 
85 | 1225] 42875 | 5.9161 | 3.2711 | 1.54407 28.5714 | 109.956 | 962.113 
36 | 1296] 46656 | 6.0000 | 3.3019 | 1.55630 27.7778 | 113.097 | 1017.88 
37 | 1369) 50653 | 6.0828 | 3.3322 | 1.56820 27.0270 | 116.239 | 1075.21 
38 | 1444) 54872 | 6.1644 | 3.3620 | 1.57978 26.3158 | 119.381 | 1134.11 
39 | 1521] 59319 | 6.2450 | 3.3912 | 1.59106 25.6410 | 122.522 | 1194.59 
40 | 1600] 64000 | 6.3246 | 3.4200 | 1.60206 25.0000 | 125.66 | 1256.64 
41 | 1681] 68921 | 6.4031 | 3.4482 | 1.61278 24.3902 | 128.81 | 1320.25 
42 |1764] 74088 | 6.4807 | 3.4760 | 1.62325 23.8095 | 131.95 | 1385.44 
43 | 1849] 79507 | 6.5574 | 3.5034 | 1.63347 23.2558 | 135.09 | 1452.20 
44 | 1936] 85184 | 6.6332 | 3.5303 | 1.64345 22.7273 | 138.23 | 1520.53: 
45 | 2025) 91125 | 6.7082 | 3.5569 | 1.65321 22.2222 | 141.37 | 1590.43 
46 | 2116| 97336 | 6.7823 | 3.5830 | 1.66276 21.7391 | 144.51 | 1661.90 
47 | 2209 | 103823 | 6.8557 | 3.6088 | 1.67210 21.2766 | 147.65 | 1734.94 
48 | 2304 | 110592 | 6.9282 | 3.6342 | 1.68124 20.8333 | 150.80 | 1809.56 
49 | 2401 | 117649 | 7.0000 | 3.6593 | 1.69020 20.4082 
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Functions or Numpers 50 to 99 


== 
: 1000 No. = Diameter 
No. |Square] Cube eae Cre Logarithm x 
Reciprocal | Circum. Area 

50 | 2500 | 125000 | 7.0711 | 3.6840 | 1.69897 | 20.0000 157.08 1963.50 
51 | 2601 | 132651 | 7.1414 | 3.7084 | 1.70757 19.6078 160.22 2042.82 
52 | 2704 | 140608 | 7.2111 | 3.7325 | 1.71600 19.2308 163.36 2123.72 
53 | 2809 | 148877 | 7.2801 | 3.7563 | 1.72428 18.8679 166.50 2206.18 
54 | 2916 | 157464 | 7.3485 | 3.7798 | 1.73239 18.5185 169.65 2290.22 
55 | 3025 | 166375 | 7.4162 | 3.8030 | 1.74036 18.1818 172.79 2375.83 
56 | 3136 | 175616 | 7.4833 | 3.8259 | 1.74819 17.8571 175.93 2463.01 
57 | 3249 | 185193 | 7.5498 | 3.8485 | 1.75587 17.5439 179.07 2551.76 
58 | 3364 | 195112 | 7.6158 | 3.8709 | 1.76343 17.2414 182.21 2642.08 
59 | 3481 | 205379 | 7.6811 | 3.8930 | 1.77085 | 16.9492 185.35 | 2733.97 
60 | 3600 | 216000 | 7.7460 | 3.9149 | 1.77815 | 16.6667 188.50 | 2827.43 
61 | 3721 | 226981 | 7.8102 | 3.9365 | 1.78533 16.3934 191.64 2922.47 
62 | 3844 | 238328 | 7.8740 | 3.9579 | 1.79239 | 16.1290 194.78 | 3019.07 
63 | 3969 | 250047 | 7.9373 | 3.9791 | 1.79934 | 15.8730 197.92 | 3117.25 
64 | 4096 | 262144 | 8.0000 | 4.0000 | 1.80618 | 15.6250 201.06 | 3216.99 
65 | 4225 | 274625 | 8.0623 | 4.0207 | 1.81291 | 15.3846 204.20 | 3318.31 
66 | 4356 | 287496 | 8.1240 | 4.0412 | 1.81954 | 15.1515 207.35 | 3421.19 
67 | 4489 | 300763 | 8.1854 | 4.0615 | 1.82607 | 14.9254 210.49 3525.65) 
68 | 4624 | 314432 | 8.2462 | 4.0817 | 1.83251 14.7059 213.63 3631.68 
69 | 4761 | 328509 | 8.3066 | 4.1016 | 1.83885 | 14.4928 216.77 | 3739.28 
70 | 4900 | 343000 | 8.3666 | 4.1213 | 1.84510 | 14.2857 219.91 3848.45 
71 | 5041 | 357911 | 8.4261 | 4.1408 | 1.85126 14.0845 223.05 3959.19 
72 | 5184 | 373248 | 8.4853 | 4.1602 | 1.85733 13.8889 226.19 4071.50 
73 | 5329 | 389017 | 8.5440 | 4.1793 | 1.86332 | 13.6986 229.34 | 4185.39 
74 | 5476 | 405224 ! 8.6023 | 4.1983 | 1.86923 13.5135 232.48 4300.84 
75 | 5625 | 421875 | 8.6603 | 4.2172 | 1.87506 13.3333 235.62 4417.86 
76 | 5776 | 438976 | 8.7178 | 4.2358 | 1.88081 aS elo) 238.76 4536.46 
77 | 5929 | 456533 | 8.7750 | 4.2543 | 1.88649 12.9870 241.90 4656.63 
78 | 6084 | 474552 | 8.8318 | 4.2727 | 1.89209 12.8205 245.04 4778.36 
79 | 6241 | 493039 | 8.8882 | 4.2908 | 1.89763 | 12.6582 248.19 | 4901.67 
80 | 6400 | 512000 | 8.9443 | 4.3089 | 1.90309 | 12.5000 251.33 5026.55 
81 | 6561 | 531441 | 9.0000 | 4.3267 | 1.90849 12.3457 254.47 5153.00 
82 | 6724 | 551368 | 9.0554 | 4.3445 | 1.91381 12.1951 257.61 5281.02 
83 | 6889 | 571787 | 9.1104 | 4.3621 | 1.91908 12.0482 260.75 5410.61 
84 | 7056 | 592704 | 9.1652 | 4.3795 | 1.92428 11.9048 263.89 5541.77 
85 | 7225 | 614125 | 9.2195 | 4.3968 | 1.92942 11.7647 267.04 5674.50 
86 | 7396 | 636056 | 9.2736 | 4.4140 | 1.93450 | 11.6279 270.18 | 5808.80 
87 | 7569 | 658503 | 9.3274 | 4.4310 | 1.93952 | 11.4943 273.32 | 5944.68 
88 | 7744 | 681472 | 9.3808 | 4.4480 | 1.94448 | 11.3636 276.46 | 6082.12 
89 | 7921 | 704969 | 9.4340 | 4.4647 | 1.94939 | 11.2360 279.60 | 6221.14 
90 | 8100 | 729000 | 9.4868 | 4.4814 | 1.95424 | 11.1111 282.74 | 6361.73 
91 | 8281 | 753571 | 9.5394 | 4.4979 | 1.95904 | 10.9890 285.88 | 6503.88 
92 | 8464 | 778688 | 9.5917 | 4.5144 | 1.96379 | 10.8696 289.03 | 6647.61 
93 | 8649 | 804357 | 9.6437 | 4.5307 | 1.96848 | 10.7527 292.17 | 6792.91 
94 | 8836 | 830584 | 9.6954 | 4.5468 | 1.97313} 10.6383 295.31 6939.78 
95 | 9025 | 857375 | 9.7468 | 4.5629 | 1.97772 | 10.5263 298.45 | 7088.22 
96 | 9216 | 884736 | 9.7980 | 4.5789 | 1.98227 | 10.4167 301.59 | 7238.23 
97 | 9409 | 912673 | 9.8489 | 4.5947 | 1.98677 | 10.3093 304.73 | 7389.81 
98 | 9604 | 941192 | 9.8995 | 4.6104 | 1.99123 | 10.2041 307.88 | 7542.96 
99 | 9801 | 970299 | 9.9499 | 4.6261 10.1010 311.02 | 7697.69 
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Functions or Numsers, 100 to 149 


er 1000 No. = Diameter 
Cub Square Cubic Gagarin - 

potiate ; pe Root Root Reciprocal | Cireum. Area 
10000 | 1000000 | 10.0000 | 4.6416 | 2.00000 | 10.0000 | 314.16] 7853.98 
10201 | 1030301 | 10.0499 | 4.6570 | 2.00432 | 9.90099] 317.30} 8011.85 
10404 | 1061208 | 10.0995 | 4.6723 | 2.00860} 9.80392 | 320.44] 8171.28 
10609 | 1092727 | 10.1489 | 4.6875 | 2.01284] 9.70874 | 323.58| 8332.29 
10816 | 1124864 | 10.1980 | 4.7027 | 2.01703 | 9.61538] 326.73 | 8494.87 
11025 | 1157625 | 10.2470 | 4.7177 | 2.02119] 9.52381 | 329.87| 8659.01 
11236 | 1191016 | 10.2956 | 4.7326 | 2.02531; 9.43396] 333.01} 8824.73 
11449 | 1225043 | 10.3441 | 4.7475 | 2.02938 | 9.34579] 336.15| 8992.02 
11664 | 1259712 | 10.3923 | 4.7622 | 2.03342] 9.25926] 339.29} 9160.88 
11881 | 1295029 | 10.4403 | 4.7769 | 2.03743 | 9.17431 | 342.43] 9331.32 
12100 | 1331000 | 10.4881 | 4.7914 | 2.04139} 9.09091 | 345.58! 9503.32 
12321 | 1367631 | 10.5357 | 4.8059 | 2.04532 | 9.00901 | 348.72] 9676.89 
12544 | 1404928 | 10.5830 | 4.8203 | 2.04922} 8.92857] 351.86] 9852.03 
12769 | 1442897 | 10.6301 | 4.8346 | 2.05308 | 8.84956 | 355.00 | 10028.7 
12996 | 1481544 | 10.6771 | 4.8488 | 2.05690| 8.77193 | 358.14 | 10207.0 
13225 | 1520875 | 10.7238 | 4.8629 | 2.06070| 8.69565 | 361.28 | 10386.9 
13456 | 1560896 | 10.7703 | 4.8770 | 2.06446 | 8.62069 | 364.42 | 10568.3 
13689 | 1601613 | 10.8167 | 4.8910 | 2.06819] 8.54701 | 367.57 | 10751.3 
13924 | 1643032 | 10.8628 | 4.9049 | 2.07188 | 8.47458 | 370.71 | 10935.9 
14161 | 1685159 | 10.9087 | 4.9187 | 2.07555 | 8.40336 | 373.85 | 11122.0 
14400 | 1728000 | 10.9545 | 4.9324 | 2.07918] 8.33333 | 376.99 | 11309.7 
14641 | 1771561 | 11.0000 | 4.9461 | 2.08279] 8.26446 | 380.13 | 11499.0 
14884 | 1815848 | 11.0454 | 4.9597 | 2.08636] 8.19672 | 383.27] 11689.9 
15129 | 1860867 | 11.0905 | 4.9732 | 2.08991| 8.13008 | 386.42 | 11882.3 
15376 | 1906624 | 11.1355 | 4.9866 | 2.09342 | 8.06452 | 389.56) 12076.3 
15625 | 1953125 | 11.1803 | 5.0000 | 2.09691 | 8.00000 | 392.70| 12271.8 
15876 | 2000376 | 11.2250 | 5.0133 | 2.10037] 7.93651 | 395.84 | 12469.0 
16129 | 2048383 | 11.2694 | 5.0265 | 2.10380] 7.87402 | 398.98 | 12667.7 
16384 | 2097152 | 11.3137 | 5.0397 | 2.10721 | 7.81250| 402.12 | 12868.0 
16641 | 2146689 | 11.3578 | 5.0528 | 2.11059| 7.75194 | 405.27 | 13069.8 
16900 | 2197000 | 11.4018 | 5.0658 | 2.11394] 7.69231 | 408.41 | 13273.2 
17161 | 2248091 | 11.4455 | 5.0788 | 2.11727] 7.63359 | 411.55 13478.2 
17424 | 2299968 | 11.4891 | 5.0916 | 2.12057) 7.57576 | 414.69| 13684.8 
17689 | 2352637 | 11.5326 | 5.1045 | 2.12385 | 7.51880 | 417.83 | 13892.9 
17956 | 2406104 | 11.5758 | 5.1172 | 2.12710] 7.46269 | 420.97 | 14102.6 
18225 | 2460375 | 11.6190 | 5.1299 | 2.13033 | 7.40741 | 424.12 | 14313.9 
18496 | 2515456 | 11.6619 | 5.1426 | 2.13354] 7.35294 427.26 | 14526.7 
18769 | 2571353 | 11.7047 | 5.1551 | 2.13672 | 7.29927 | 430.40 | 14741.1 
19044 | 2628072 | 11.7473 | 5.1676 | 2.13988 | 7.24638 | 433.54| 14957.1 
19321 | 2685619 | 11.7898 | 5.1801 | 2.14301] 7.19424 | 436.68 15174.7 
19600 | 2744000 | 11.8322 | 5.1925 | 2.14613]! 7.14286] 439.82 | 15393.8 
19881 | 2803221 | 11.8743 | 5.2048 | 2.14922 | 7.09220 | 442.96 15614.5 
20164 | 2863288 | 11.9164 | 5.2171 | 2.15229] 7.04225] 446.11 15836.8 
20449 | 2924207 | 11.9583 | 5.2293 | 2.15534! 6.99301 | 449.25 16060.6 
20736 | 2985984 | 12.0000 | 5.2415 | 2.15836| 6.94444 452.39 | 16286.0 
21025 | 3048625 | 12.0416 | 5.2536 | 2.16137] 6.89655 | 455.53 16513.0 
21316 | 3112136 | 12.0830 | 5.2656 | 2.16435| 6.84932 458.67 | 16741.5 
21609 | 3176523 | 12.1244 | 5.2776 | 2.16732| 6.80272 461.81 | 16971.7 
21904 | 3241792 | 12.1655 | 5.2896 | 2.17026| 6.75676 464.96 | 17203.4 
22201 | 3307949 | 12.2066! 5.3015 6.71141 


2.17319 


468.10 


17436.6 
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Functions or Numpers, 150 ro 199 


Square 


Cube 


Square 
Root 


Logarithm 


1000 


Heaprotdl 


No. == Diameter 


Circum. 


Area 


22500 
22801 
23104 
23409 
23716 
24025 
24336 
24649 
24964 
25281 


25600 
25921 
26244 
26569 
26896 
27225 
27556 
27889 
28224 
28561 


23900 
29241 
29584 
29929 
30276 
30625 
30976 
31329 
31684 
32041 


32400 
32761 
33124 
33489 
33856 
34225 
34596 
34969 
35344 
35721 


36100 
36481 
36864 
37249 
37636 
38025 
38416 
38809 
39204 
39601 


3375000 
3442951 
3511808 
3581577 
3652264 
3723875 
3796416 
3869893 
3944312 
4019679 


4096000 
4173281 
4251528 
4330747 
4410944 
4492125 
4574296 
4657463 
4741632 
4826809 


4913000 
5000211 
5083448 
tiled, 
5268024 
5359375 
5451776 
§545233 
5639752 
5735339 


5832000 
5929741 
6028568 
6128487 
6229504 
6331625 
6434856 
6539203 
6644672 
6751269 


6859000 
6967871 
7077888 
7189057 
7301384 
7414875 
7529536 
7645373 
7762392 
7880599 


12.2474 
12.2882 
12.3288 
12.3693 
12.4097 
12.4499 
12.4900 
12.5300 
12.5698 
12.6095 


12.6491 
12.6886 
12.7279 
12.7671 
12.8062 
12.8452 
12.8841 
12.9228 
12.9615 
13.0000 


13.0384 
13.0767 
13.1149 
13.1529 
13.1909 
13.2288 
13.2665 
13.3041 
13.3417 
13.3791 


13.4164 
13.4536 
13.4907 
13.5277 
13.5647 
13.6015 
13.6382 
13.6748 
13.7113 
13.7477 


13.7840 
13.8203 
13.8564 
13.8924 
13.9284 
13.9642 
14.0000 
14.0357 
14.0712 
14.1067 


5.3832 
5.3947 
5.4061 
5.4175 


5.4288 
5.4401 
5.4514 
5.4626 
5.4737 
5.4848 
5.4959 
5.5069 
5.5178 
5.5288 


5.5397 
5.5505 
5.5613 
5.5721 
5.5828 
5.5934 
5.6041 
5.6147 
5.6252 
5.6357 


5.6462 
5.6567 
5.6671 
5.6774 
5.6877 
5.6980 
5.7083 
5.7185 
5.7287 
5.7388 


5.7489 
5.7590 
5.7690 
5.7790 
5.7890 
5.7989 
5.8088 
5.8186 
5.8285 
5.8383 


2.17609 
2.17898 
2.18184 
2.18469 
2.18752 
2.19033 
2.19312 
2.19590 
2.19866 
2.20140 


2.20412 
2.20683 
2.20952 
2.21219 
2.21484 
2.21748 
2.22011 
2.22272 
2.22531 
2.22789 


WwW 
WOoOmnUwe 
OnNOonegf 
PoOnIwon 


On 


NN NNW NNNNN 
NNNNWNNNNNWW 
COU HS BS HB G0 OS 

or OG) 

Ou 

= 


2.26245 
2.26482 
2.26717 
2.26951 
2.27184 
2.27416 
2.27646 


2.27875 
2.28103 
2.28330 
2.28556 
2.28780 
2.29003 
2.29226 
2.29447 
2.29667 
2.29885 


WS 


tot 


6.66667 
6.62252 
6.57895 
6.53595 
6.49351 
6.45161 
6.41026 
6.36943 
6.32911 
6.28931 


6.25000 
6.21118 
6.17284 
6.13497 
6.09756 
6.06061 
6.02410 


471.24 
474.38 
477.52 
480.66 
483.81 
486.95 
490.09 
493.23 
496.37 
499.51 


502.65 
505.80 
508.94 
512.08 
515.22 
518.36 
521.50 
524.65 
527.79 
530.93 


534.07 
537.21 
540,35 
543.50 
546.64 
549.78 
552.92 
556,06 
559.20 
562.35 


565,49 
568.63 
571.77 
574.91 
578.05 
581.19 
584.34 
587.48 
590.62 
593.76 


596.90 
600.04 
603.19 
606.33 
609.47 
612.61 
615.75 
618.89 
622.04 
625.138 
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17671.5 
17907.9 
18145.8 
18385.4 
18626.5 
18869.2 
19113 4 
19359.3 
19606.7 
19855.7 


20106.2 
20358.3 
20612.0 
20867.2 
21124.1 
21382.5 
21642.4 
21904.0 
22167.1 
22431.8 


22698.0 
22965.8 
23235.2 
23506.2 
23778.7 
24052.8 
24328.5 
24605.7 
24884.6 
25164.9 


25446.9 
25730.4 
26015.5 
26302.2 
26590.4 
26880.3 
27171.6 
27464.6 
27759.1 
28055.2 


28352.9 
28652.1 
28952.9 
29255.3 
29559.2 
29864.8 
30171.9 
30480.5 
30790.7 
31102.6 


CARNEGIE STEEL COMPANY 


Functions or Numsers, 200 to 249 


46656 | 10077696 | 14.6969 
47089 | 10218313 | 14.7309 
47524 | 10360232 | 14.7648 
47961 | 10503459 | 14.7986 


678.58 | 36643.5 
681.73 | 36983.6 
684.87 | 37325.3 
688.01 | 37668.5 


; 1000 No. = Diameter 
b Square Cubic Leman - a ees 
ee aes Root Root Reciprocal} Cireum. Area 
| 
40000 | 8000000 | 14.1421 | 5.8480 |} 2.30103 | 5.00000 | 628.32 | 31415.9 
40401 8120601 | 14.1774 | 5.8578 | 2.30320 | 4.97512 | 631.46 | 31730.9 
40804 | 8242408 | 14.2127 | 5.8675 | 2.30535 | 4.95050 | 634.60 | 32047.4 
41209 | 83865427 | 14.2478 | 5.8771 | 2.30750 | 4.92611 | 637.74 | 32365.5 
41616 | 8489664 | 14.2829 | 5.8868 | 2.30963 | 4.90196 | 640.88 | 32685.1 
42025 | 8615125] 14.3178 | 5.8964 | 2.31175 | 4.87805 | 644.03 | 33006.4 
42436 | 8741816] 14.3527 | 5.9059 | 2.31387 | 4.85437 | 647.17 | 33329.2 
42849 | 8869743] 14.3875 | 5.9155 | 2.31597 | 4.83092 | 650.31 | 33653.5 
43264 | 8998912 | 14.4222 | 5.9250 | 2.31806 | 4.80769 | 653.45 | 33979.5 
43681 9129329 | 14.4568 | 5.9345 | 2.32015 | 4.78469 | 656.59 | 34307.0 
44100 | 9261000 / 14.4914 | 5.9439 | 2.32222 | 4.76190 | 659.73 | 34636.1 
44521 9393931 | 14.5258 | 5.9533 | 2.32428 | 4.73934 | 662.88 | 34966.7 
44944 9528128 | 14.5602 | 5.9627 | 2.32634 666.02 | 35298.9 
45369 9663597 | 14.5945 | 5.9721 | 2.32838 669.16 | 35632.7 
45796 | 9800344 | 14.6287 | 5.9814 | 2. 41 672.30 | 35968.1 
46225 | 9935375 | 14.6629 | 5.990 2.332 675.44 | 36305.0 
9 
6.0092 | 2: 
6. Qe 
6. 2 


48400 | 10648000 | 14.8324 | 6.0368 | 2.34242 | 4.54545 | 691.15 | 38013.3 
48841 | 10793861 | 14.8661 | 6.0459 | 2.34439 | 4.52489 | 694.29 | 38359.6 
49284 | 10941048 | 14.8997 | 6.0550 | 2.34635 | 4.50450 | 697.43 | 38707.6 
49729 | 11089567 | 14.9332 | 6.0641 | 2.34830 | 4.48430] 700.58 | 39057.1 
50176 | 11239424 | 14.9666 | 6.0732 | 2.35025 | 4.46429 | 703.72 | 39408.1 
50625 | 11390625 | 15.0000 | 6.0822 | 2.35218 | 4.44444 | 706.86 | 39760.8 
51076 | 11543176 | 15.0333 | 6.0912 | 2.35411 | 4.42478 | 710.00 | 40115.0 
51529 | 11697083 | 15.0665 | 6.1002 | 2.35603 | 4.40529 | 713.14 | 40470.8 
51984 | 11852352 | 15.0997 | 6.1091 | 2.35793 | 4.38596 | 716.28 | 40828.4 
52441 | 12008989 | 15.1327 | 6.1180 | 2.35984 | 4.36681 | 719.42 | 41187.1 
52900 | 12167000 | 15.1658 | 6.1269 | 2.36173 | 4.34783 | 722.57 | 41547.6 
53361 | 12326391 | 15.1987 | 6.1358 | 2.36361 | 4.32900 | 725.71 | 41909.6 
53824 | 12487168 | 15.2315 | 6.1446 | 2.36549 | 4.31034 | 728.85 | 42273.3 
54289 | 12649337 | 15.2643 | 6.1534 | 2.36736 | 4.29185 | 731.99 | 42638.5 
54756 | 12812904 | 15.2971 | 6.1622 | 2.36922 | 4.27350 | 735.13 | 43005.3 
55225 | 12977875 | 15.3297 | 6.1710 | 2.37107 | 4.25532 | 738.27 | 43373.6 
55696 | 13144256 | 15.3623 | 6.1797 | 2.37291 | 4.23729 | 741.42 | 43743.5 
56169 | 13312053 | 15.3948 | 6.1885 | 2.37475 | 4.21941 | 744.56 | 44115.0 
56644 | 13481272} 15.4272 | 6.1972 | 2.37658 | 4.20168 | 747.70 | 44488.1 
57121 | 13651919 | 15.4596 | 6.2058 | 2.37840 | 4.18410 | 750.84 | 44862.7 


57600 | 13824000 | 15.4919 | 6.2145 | 2.38021 | 4.16667 | 753.98 | 45238.9 
58081 | 13997521 | 15.5242 | 6.2231 | 2.38202 | 4.14938 | 757.12 | 45616.7 
58564 | 14172488 | 15.5563 | 6.2317 | 2.38382 | 4.13223 | 760.27 | 45996.1 
59049 | 14348907 | 15.5885 | 6.2403 | 2.38561 | 4.11523 | 763.41 | 46377.0 
59536 | 14526784 | 15.6205 | 6.2488 | 2.38739 | 4.09836 | 766.55 | 46759.5 
60025 | 14706125 | 15.6525 | 6.2573 | 2.38917 | 4.08163 | 769.69 | 47143.5 
60516 | 14886936 | 15.6844 | 6.2658 | 2.39094 | 4.06504 | 772.83 | 47529.2 
61009 | 15069223 | 15.7162 | 6.2743 | 2.39270 | 4.04858 | 775.97 | 47916.4 
61504 | 15252992 | 15.7480 | 6.2828 | 2.39445 | 4.03226 | 779.12 48305.1 
62001 | 15438249 | 15.7797 | 6.2912 | 2.39620 | 4.01606 | 782.26 48695.5 
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Functions or Numsers, 250 to 299 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 


3s 
Reciprocal 


No. = Diameter 


Circum. 


Area 


62500 
63001 
63504 
64009 
64516 
65025 
65536 
66049 
66564 
67081 


67660 
68121 
68644 
69159 
69696 
70225 
70756 
71289 
71824 
72361 


72900 
T3441 
73984 
74529 
75076 
75625 
76176 
76729 
77284 
T7841 


78400 
78961 
79524 
80089 
80656 
81225 
81796 
82369 
82944 
83521 


84100 
84681 
85264 
85849 
86436 
87025 
87616 
88209 
88804 
89401 


15625000 
15813251 
16003008 
16194277 
16387064 
16581375 
16777216 
16974593 
17173512 
17373979 


17576000 
17779581 
17984728 
18191447 
18399744 
18609625 
18821096 
19034163 
19248832 
19465109 


19683000 
19902511 
20123648 
20346417 
20570824 
20796875 
21024576 


21253938 | 


21484952 
21717639 


21952000 
22188041 
22425768 
22665187 
22906304 
23149125 
23393656 
23639903 
23887872 
24137569 


24389000 
24642171 
24897088 
25153757 
25412184 
25672375 
25934336 
26198073 
26463592 
26730899 


15.8114 
15.8430 
15.8745 
15.9060 
15.9374 
15.9687 
16.0000 
16.0312 
16.0624 
16.0935 


16.1245 
16.1555 
16.1864 
16.2173 
16.2481 
16.2788 
16.3095 
16.3401 
16.3707 
16.4012 


16.4317 
16.4621 
16.4924 
16.5227 
16.5529 
16.5831 
16.6132 
16.6433 
16.6733 
16.7033 


16.7332 
16.7631 
16.7929 
16.8226 
16.8523 
16.8819 
16.9115 
16.9411 
16.9706 
17.0000 


17.0294 
17.0587 
17.0880 
17.1172 
17.1464 
17.1756 
17.2047 
17.2337 
17.2627 


17.2916 


6.2996 
6.3080 
6.3164 
6.3247 
6.3330 
6.3413 
6.3496 
6.3579 
6.3661 
6.3743 


6.3825 
6.3907 
6.3988 
6.4070 
6.4151 
6.4232 
6.4312 
6.4393 
6.4473 
6.4553 


6.4633 
6.4713 
6.4792 
6.4872 
6.4951 
6.5030 
6.5108 
6.5187 
6.5265 
6.5343 


6.5421 
6.5499 
6.5577 
6.5654 
6.5731 
6.5808 
6.5885 
6.5962 
6.6039 
6.6115 


6.6191 
6.6267 
6.6343 
6.6419 
6.6494 
6.6569 
6.6644 
6.6719 
6.6794 
6.6869 


2.39794 
2.39967 
2.40140 
2.40312 
2.40483 
2.40654 
2.40824 
2.40993 
2.41162 
2.41330 


2.41497 
2.41664 
2.41830 
2.41996 
2.42160 
2.42325 
2.42488 
2.42651 
2.42813 
2.42975 


2.43136 
2.43297 
2.43457 
2.43616 
2.43775 
2.43933 
2.44091 
2.44248 
2.44404 
2.44560 


2.44716 
2.44871 
2.45025 
2.45179 
2.45332 
2.45484 
2.45637 
2.45788 
2.45939 
2.46090 


2.46240 
2.46389 
2.46538 
2.46687 
2.46835 


3.A1TAT 


3.70370 
3.69004 
3.67647 
3.66300 
3.64964 
3.63636 
3.62319 
3.61011 
3.59712 
3.58423 


3.57143 
3.55872 
3.54610 
3.53357 
3.52113 
3.50877 
3.49650 
3.48432 
3.47222 
3.46021 


3.44828 
3.43643 
3.42466 
3.41297 
3.40136 
3.38983 
3.37838 
3.36700 
3.35570 


785.40 
788.54 
791.68 
794.82 
797.96 
801.11 
804.25 
807.39 
810.53 
813.67 


816.81 
819.96 
823.10 
826.24 
829.38 
832.52 
835.66 
838.81 
841.95 
845.09 


848.23 
Sol.37 
854.51 
857.65 
860.80 
863.94 
867.08 
870.22 
873.36 
876.50 


879.65 
882.79 
885.93 
889.07 
892.21 
895.35 
898.50 
901.64 
904.78 
907.92 


911.06 
914.20 
917.35 
920.49 
923.63 
926.77 
929.91 
933.05 
936.19 
939.34 


49087.4 
49480.9 
49875.9 
50272.6 
50670.7 
51070.5 
payee (alee) 
51874.8 
52279.2 
52685.3 


53092.9 
53502.1 
53912.9 
54325.2 
54739.1 
55154.6 
55571.6 
55990.2 
56410.4 
56832.2 


57255.5 
57680.4 
58106.9 
58534.9 
58964.6 
59395.7 
59828.5 
60262.8 
60698.7 
61136.2 


61575.2 
62015.8 
62458.0 
62901.8 
63347.1 
63794.0 
64242.4 
64692.5 
65144.1 
65597.2 


66052.0 
66508.3 
66966.2 
67425.6 
67886.7 
68349.3 
68813.4 
69279.2 
69746.5 
70215.4 
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CARNEGIE STEEL COMPANY 


Functions oF Numsers, 300 to 349 


: 1000 No. = Diameter 
‘ub Square Cubic Romuakie Z 

No. | Square Cube Root Root ins Reciprocal} Circum. Area 

300 | 90000 | 27000000 | 17.3205 | 6.6943 | 2.47712 | 3.33333 | 942.48 | 70685.8 
301 90601 | 27270901 | 17.3494 | 6.7018 | 2.47857 | 3.32226 | 945.62 | 71157.9 
302 91204 | 27543608 | 17.3781 | 6.7092 | 2.48001 | 3.31126] 948.76 | 71631.5 
303 | 91809 | 27818127 | 17.4069 | 6.7166 | 2.48144 | 3.30033 | 951.90 | 72106.6 
304 | 92416 | 28094464 | 17.4356 | 6.7240 | 2.48287 | 3.28947 | 955.04 | 72583.4 
3805 93025 | 28372625 | 17.4642 | 6.7313 | 2.48430 | 3.27869 | 958.19 | 73061.7 
306 | 93636 | 28652616 | 17.4929 | 6.7387 | 2.48572 | 3.26797 | 961.33 | 73541.5 
307 94249 | 28934443 | 17.5214 | 6.7460 | 2.48714 | 3.25733 | 964.47 | 74023.0 
308 | 94864 | 29218112 | 17.5499 | 6.7533 | 2.48855 | 3.24675 | 967.61 | 74506.0 
309 | 95481 | 29503629 | 17.5784. | 6.7606 | 2.48996 | 3.23625 | 970.75 | 74990.6 
310 | 96100 | 29791000 | 17.6068 | 6.7679 | 2.49136 | 3.22581 | 973.89 | 75476.8 
311 96721 | 30080231 | 17.6352 | 6.7752 | 2.49276 | 3.21543 | 977.04 | 75964.5 
312 | 97344 | 30371328 | 17.6635 | 6.7824 | 2.49415 | 3.20513 | 980.18 | 76453.8 
313 | 97969 | 30664297 | 17.6918 | 6.7897 | 2.49554 |3.19489| 983.32 | 76944.7 
314 | 98596 | 30959144 | 17.7200 | 6.7969 | 2.49693 | 3.18471 | 986.46 | 77437.1 
315 99225 | 31255875 | 17.7482 | 6.8041 | 2.49831 | 3.17460] 989.60 | 77931.1 
316 | 99856 | 31554496 | 17.7764 | 6.8113 | 2.49969 | 3.16456 | 992.74 | 78426.7 
317 | 100489 | 31855013 | 17.8045 | 6.8185 | 2.50106 | 3.15457 | 995.88 | 78923.9 
318 | 101124 | 32157432 | 17.8326 | 6.8256 | 2.50243 | 3.14465| 999.03 | 79422.6 
319 | 101761 | 32461759 | 17.8606 | 6.8328 | 2.50379 | 3.13480 | 1002.2 | '79922.9 
320 | 102400 | 32768000 | 17.8885 | 6.8399 | 2.50515 | 3.12500] 1005.3 | 80424.8 
321 | 103041 | 33076161 | 17.9165 | 6.8470 | 2.50651 | 3.11526] 1008.5 | 80928.2 
322 | 103684 | 33386248 | 17.9444 | 6.8541 | 2.50786 | 3.10559|1011.6 | 81433.2 
323 | 104329 | 33698267 | 17.9722 | 6.8612 | 2.50920 | 3.09598 | 1014.7 | 81939.8 
324 | 104976 | 34012224 | 18.0000 | 6.8683 | 2.51055 | 3.08642 | 1017.9 82448.0 
325 | 105625 | 34528125 | 18.0278 | 6.8753 | 2.51188 | 3.07692 | 1021.0 82957.7 
326 | 106276 | 34645976 | 18.0555 | 6.8824 | 2.51322 | 3.06749 | 1024.2 83469.0 
327 | 106929 | 34965783 | 18.0831 | 6.8894 | 2.51455 | 3.05810 | 1027.3 83981.8 
328 | 107584 | 35287552 | 18.1108 | 6.8964 | 2.51587 | 3.04878 | 1030.4 84496.3 
829 | 108241 | 35611289 | 18.1384 | 6.9034 | 2.51720 | 3.03951 | 1033.6 | 85012.3 
330 | 108900 | 35937000 | 18.1659 | 6.9104 | 2.51851 | 3.03030 | 1036.7 | 85529.9 
331 | 109561 | 36264691 | 18.1934 | 6.9174 | 2.51983 | 3.02115 1039.9 | 86049.0 
332 | 110224 | 36594368 | 18.2209 | 6.9244 | 2.52114 | 3.01205 1043.0 | 86569.7 
333 | 110889 | 36926037 | 18.2483 | 6.9313 | 2.52244 |3.00300 | 1046.2 87092.0 
334 | 111556 | 37259704 | 18.2757 | 6.9382 | 2.52375 | 2.99401 | 1049.3 87615.9 
335 | 112225 | 37595375 | 18.3030 | 6.9451 | 2.52504 | 2.98507 1052.4 | 88141.3 
336 | 112896 | 37933056 | 18.3303 | 6.9521 | 2.52634 | 2.97619 | 1055.6 88668.3 
3387 | 113569 | 38272753 | 18.3576 | 6.9589 | 2.52763 | 2.96736 | 1058.7 89196.9 
338 | 114244 | 38614472 | 18.3848 | 6.9658 | 2.52892 | 2.95858 | 1061.9 89727.0 
339 | 114921 | 38958219 | 18.4120 | 6.9727 | 2.53020 | 2.94985 | 1065.0 90258.7 
340 | 115600 | 39304000 | 18.4391 | 6.9795 | 2.53148 | 2.94118 | 1068.1 90792.0 
341 | 116281 | 39651821 | 18.4662 | 6.9864 | 2.53275 | 2.93255 | 1071.3 91326.9 
342 | 116964 | 40001688 | 18.4932 | 6.9932 | 2.53408 | 2.92398 | 1074.4 91863.3 
343 | 117649 | 40353607 | 18.5208 | 7.0000 | 2.53529 | 2.91545 1077.6 | 92401.3 
344 | 118336 | 40707584 | 18.5472 | 7.0068 | 2.53656 | 2.90698 1080.7 | 92940.9 
345 | 119025 | 41063625 | 18.5742 | 7.0136 | 2.53782 | 2.89855 1083.8 | 93482.0 
346 | 119716 | 41421736 | 18.6011 | 7.0203 | 2.53908 2.89017 | 1087.0 | 94024.7 
347 | 120409 | 41781923 | 18.6279 | 7.0271 | 2.54033 2.88184 | 1090.1 | 94569.0 
348 | 121104 | 42144192 | 18.6548 | 7.0338 | 2.54158 2.87356 | 1093.3 | 95114.9 
349 1121801 |) 42508549 | 18.6815 | 7.0408 | 2.54283 2.86533 | 1096.4 | 95662.3 


MATHEMATICAL TABLES 


FUNCTIONS OF 


Numpers, 350 ro 399 


No. 


Square 


Cube 


Square 
Root 


Cubie 
Root 


Logarithm 


1000 


ex 
Reciprocal 


Circum. 


No. = Diameter 


Area 


350 
351 
352 
353 
354 
355 
356 
357 
358 
359 


360 
361 
362 
363 
364 
365 
366 
367 
368 
369 


370 
371 
372 
373 
374 
375 
376 
377 
378 
379 


380 
381 
382 
383 
384 
385 
386 
387 
388 
389 


390 
391 
3892 
393 
394 
395 
396 
397 
398 
399 


122500 
123201 
123904 
124609 
125316 
126025 
126736 
127449 
128164 
128881 


129600 
130321 
131044 
131769 
132496 
133225 
133956 
134689 
135424 
136161 


136900 
137641 
138384 
139129 
139876 
140625 
141376 
142129 
142884 
143641 


144400 
145161 
145924 
146689 
147456 
148225 
148996 
149769 
150544 
151321 


152100 
152881 
153664 
154449 
155236 
156025 
156816 
157609 
158404 
159201 


42875000 
43243551 
43614208 
43986977 
44361864 
44738875 
45118016 
45499293 
45882712 
46268279 


46656000 
47045881 
47437928 
47832147 
48228544 
48627125 
49027896 
49430863 
49836032 
50243409 


50653000 
51064811 
51478848 
51895117 
52313624 
52734575 
53157376 
53582633 
54010152 
54439939 


54872000 
55306341 
55742968 
56181887 
56623104 
57066625 
57512456 
57960603 
58411072 
58863869 


59319000 
59776471 
60236288 
60698457 
61162984 
61629875 
62099136 
62570773 
63044792 
63521199 


18.7083 
18.7350 
18.7617 
18.7883 
18.8149 
18.8414 
18.8680 
18.8944 
18.9209 
18.9473 


18.9737 
19.0000 
19.0263 
19.0526 
19.0788 
19.1050 
19.1311 
19.1572 
19.1833 
19.2094 


19.2354 
19.2614 
19.2873 
19.3132 
19.3391 
19.3649 
19.3907 
19.4165 
19.4422 
19.4679 


19.4936 
19.5192 
19.5448 
19.5704 
19.5959 
19.6214 
19.6469 
19.6723 
19.6977 
19.7231 


19.7484 
19.7737 
19.7990 
19.8242 
19.8494 
19.8746 
19.8997 
19.9249 
19.9499 
19.9750 


7.0473 
7.0540 
7.0607 
7.0674 
7.0740 
7.0807 
7.0873 
7.0940 
7.1006 
7.1072 


7.1138 
7.1204 
7.1269 
7.1335 
7.1400 
7.1466 
7.1531 
7.1596 
7.1661 
7.1726 


Cll: 
7.1855 
7.1920 
7.1984 
7.2048 
-s 
CPANEL 
7.2240 
7.2304 
7.2368 


7.2432 
7.2495 
7.2558 
7.2622 
7.2685 
7.2748 
7.2811 
7.2874 
7.2936 
HaZ999 


7.3061 
7.3124 
7.3186 
7.3248 
7.3310 
7.3372 
7.3434 
7.3496 
7.3558 
7.3619 


2.54407 
2.64531 
2.54654 
2.54777 
2.54900 
2.55023 
2.55145 
2.55267 
2.55388 
2.55509 


2.55630 


2.57287 
2.57403 
2.57519 
2.57634 
2.57749 
2.57864 


2.57978 
2.58093 
2.58206 
2.58320 
2.58433 
2.58546 


2.59550 


2.85714 
2.84900 
2.84091 
2.83286 
2.82486 


2.71003 


2.70270 
2.69542 
2.68817 
2.68097 
2.67380 
2.66667 
2.65957 
2.65252 
2.64550 
2.63852 


2.63158 
2.62467 
2.61780 
2.61097 
2.60417 
2.59740 
2.59067 
2.58398 
2.57732 
2.57069 


2.56410 
2.55754 
2.55102 
2.54453 
2.53807 


2.59660 ¢ 2.53165 


2.59770 
2.59879 
2.59988 
2.60097 


2.52525 
2.51889 
2.51256 
2.50627 


1099.6 
1102.7 
1105.8 
1109.0 
eat 
1115.3 
1118.4 
1121.5 
1124.7 
1127.8 


1131.0 
1134.1 
1137.3 
1140.4 
1143.5 
TTAG TZ 
1149.8 
1153.0 
1156.1 
1159.2 


1162.4 
1165.5 
1168.7 
1171.8 
1175.0 
1178.1 
1181.2 
1184.4 
1187.5 
1190.7 


1193.8 
LEGGED) 
1200.1 
1203.2 
1206.4 
1209.5 
1212.7 


96211.3 
96761.8 
97314.0 
97867.7 
98423.0 
98979.8 
99538.2 

100098 

100660 

101223 


101788 
102354 
102922 
103491 
104062 
104635 
105209 
105785 
106362 
106941 


107521 
108103 
108687 
109272 
109858 
110447 
111036 
111628 
112221 
112815 


113411 
114009 
114608 
115209 
115812 
116416 
117021 
117628 
118237 
118847 


119459 
120072 
120687 
121304 
121922 
122542 
123163 
123786 
124410 
125036 


407 


PER NESES STEEL COMPANY 


Functions or Numeers 400 to 449 


Square 


Cube 


Square 
Root 


Logarithm 


1000 


x 
Reciprocal 


No.=Diameter 


Cireum. 


Area 


400 


402 
403 
404 
405 
406 
407 
408 
409 


410 
411 
412 
413 
414 
415 
416 
417 
418 
419 


420 
421 
422 
423 
424 
425 
426 
427 
428 
429 


430 
431 
432 
433 
434 
435 
436 
437 
438 
439 


440 


160000 
160801 
161604 
162409 
163216 
164025 
164836 
165649 
166464 
167281 


168100 
168921 
169744 
170569 
171396 
172225 
173056 
173889 
174724 
175561 


176400 
177241 
178084 
178929 
179776 
180625 
181476 
182329 
183184 
184041 


184900 
185761 
186624 
187489 
188356 
189225 
190096 
190969 
191844 
192721 


193600 
194481 
195364 
196249 
197136 
198025 
198916 
199809 
200704 
201601 


64000000 
64481201 
64964808 
65450827 
65939264 
66430125 
66923416 
67419143 
67917312 
68417929 


68921000 
69426531 
69934528 
70444997 
70957944 
71473375 
71991296 
72511713 
73034632 
73560059 


74088000 
74618461 
75151448 
75686967 
76225024 
76765625 
77308776 
77854483 
78402752 
78953589 


79507000 
80062991 
80621568 
81182737 
81746504 
82312875 
82881856 
83453453 
84027672 
84604519 


85184000 
85766121 
86350888 
86938307 
87528384 
88121125 
88716536 
89314623 
89915392 
90518849 


20.0000 
20.0250 
20.0499 
20.0749 
20.0998 
20.1246 
20.1494 
20.1742 
20.1990 
20.2237 


20.2485 
20.2731 
20.2978 
20.3224 
20.3470 
20.3715 
20.3961 
20.4206 
20.4450 
20.4695 


20.4939 
20.5183 
20.5426 
20.5670 
20.5913 
20.6155 
20.6398 
20.6640 
20.6882 
20.7123 


20.7364 
20.7605 
20.7846 
20.8087 
20.8327 
20.8567 
20.8806 
20.9045 
20.9284 
20.9523 


20.9762 
21.0000 
21.0238 
21.0476 
21.0713 
21.0950 
21.1187 
21.1424 
21.1660 


21.1896 


-4350 


590 
650 


770 


889 


2.60206 
2.60314 
2.60423 
2.60531 
2.60638 
2.60746 
2.60853 
2.60959 
2.61066 
2.61172 


2.61278 
2.61384 
2.61490 
2.61595 
2.61700 
2.61805 
2.61909 
2.62014 
2.62118 
2.62221 


2.62325 
2.62428 
2.62531 
2.62634 
2.62737 
2.62839 
2.62941 
2.63043 
2.63144 
2.63246 


2.63347 
2.63448 
2.63548 
2.63649 
2.63749 
2.63849 
2.63949 
2.64048 
2.64147 
2.64246 


2.64345 
2.64444 
2.64542 
2.64640 
2.64738 
2.64836 
2.64933 
2.65031 
2.65128 
2.65225 


2.40964 
2.40385 
2.39808 
2.39234 
2.38663 


2.38095 
2.37530 
2.36967 
2.36407 
2.35849 
2.35294 
2.34742 
2.34192 
2.33645 
2.33100 


2.32558 
2.32019 
2.31481 
2.30947 
2.30415 
2.29885 
2.29358 
2.28833 
2.28311 
2.27790 


2.27273 
2.26757 
2.26244 
2.25734 
2.25225 
2.24719 
2.24215 
2.23714 
2.23214 
2.22717 


1256.6 
1259.8 
1262.9 
1266.1 
1269.2 
1272.3 
1275.5 
1278.6 
1281.8 
1284.9 


1288.1 
1291.2 
1294.3 
1297.5 
1300.6 
1303.8 
1306.9 
1310.0 
1313.2 
1316.3 


1319.5 
1322.6 
1325.8 
1328.9 
1332.0 
1335.2 
1338.3 
1341.5 
1344.6 
1347.7 


1350.9 
1354.0 
1357.2 
1360.3 
1363.5 
1366.6 
1369.7 
1372.9 


1376.0 


1379.2 


1382.3 


1385.4 
1388.6 


1391.7 


1394.9 
1398.0 
1401.2 


1404.3 
1407.4 
1410.6 


125664 
126293 
126923 
127556 
128190 
128825 
129462 
130100 
130741 
131382 


132025 
132670 
133317 
133965 
134614 
135265 
135918 
136572 
137228 
137885 


138544 
139205 
139867 
140531 
141196 
141863 
142531 
143201 
143872 
144545 


145220 
145896 
146574 
147254 
147934 
148617 
149301 
149987 
150674 
151363 


152053 
152745 
153439 
154134 
154830 
155528 
156228 
156930 
157633 
158337 


MATHEMATICAL TABLES 


FUNCTIONS OF 


Numpers, 450 ro 499 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 


x 
Reciprocal 


No. = Diameter 


Cireum. Area 


202500 
203401 
204304 
205209 
206116 
207025 
207936 
208849 
209764 
210681 


211600 
212521 
213444 
214369 
215296 
216225 
217156 
218089 
219024 
219961 


220900 
221841 
222784 
223729 
224676 
225625 
226576 
227529 
228484 
229441 


2304.00 
231361 
232324 
233289 
234256 
235225 
236196 
237169 
238144 
239121 


240100 
241081 
242064 
243049 
244036 
245025 
246016 
247009 
248004 
249001 


91125000 
91733851 
92345408 
92959677 
93576664 
94196375 
94818816 
95443993 
96071912 
96702579 


97336000 
97972181 
98611128 
99252847 
99897344 
100544625 
101194696 
101847563 
102503232 
103161709 


103823000 
104487111 
105154048 
105823817 
106496424 
107171875 
107850176 
108531333 
109215352 
109902239 


110592000 
111284641 
111980168 
112678587 
113379904 
114084125 
114791256 
115501303 
116214272 
116930169 


117649000 
118370771 
119095488 
119823157 
120553784 
121287375 
122023936 
122763473 
123505992 


124251499 


21.2132 
21.2368 
21.2603 
21.2838 
21.3073 
21.3307 
21.3542 
21.3776 
21.4009 
21.4243 


21.4476 
21.4709 
21.4942 
21.5174 
21.5407 
21.5639 
21.5870 
21.6102 
21.6333 
21.6564 


21.6795 
21.7025 
21.7256 
21.7486 
21.7715 
21.7945 
21.8174 
21.8403 
21.8632 
21.8861 


21.9089 
21.9317 
21.9545 
21.9773 
22.0000 
22.0227 
22.0454 
22.0681 
22.0907 
22.1133 


22.1359 
22.1585 
22.1811 
22.2036 
22.2261 
22.2486 
22.2711 
22.2935 
22.3159 
22.3383 


7.6631 
7.6688 
7.6744 
7.6801 
7.6857 
7.6914 
7.6970 
7.7026 
7.7082 
7.7138 


7.7194 
7.7250 
7.7306 
7.7362 
7.7418 
7.7473 
7.7529 
7.7584 
7.7639 
7.7695 


7.7750 
7.7805 
7.7860 
TOUS) 
TALOIEO 
7.8025 
7.8079 
7.8134 
7.8188 
7.8243 


7.8297 
7.8352 
7.8406 
7.8460 
7.8514 
7.8568 
7.8622 
7.8676 
7.8730 
7.8784 


7.8837 
7.8891 
7.8944 
7.8998 
7.9051 
7.9105 
7.9158 
(SAUL 
7.9264 
7.9317 


2.65321 
2.65418 
2.65514 
2.65610 
2.65706 
2.65801 
2.65896 
2.65992 
2.66087 
2.66181 


2.66276 
2.66370 
2.66464 
2.66558 
2.66652 
2.66745 
2.66839 
2.66932 
2.67025 
2.67117 


2.67210 
2.67302 
2.67394 
2.67486 
2.67578 
2.67669 
2.67761 
2.67852 
2.67943 
2.68034 


2.68124 
2.68215 
2.68305 
2.68395 
2.68485 
2.68574 
2.68664 
2.68753 
2.68842 
2.68931 


2.69020 
2.69108 
2.69197 
2.69285 
2.69373 
2.69461 
2.69548 
2.69636 
2.69723 
2.69810 


2.22222 
2.21729 
2.21239 
2.20751 
2.20264 
2.19780 
2.19298 
2.18818 
2.18341 
2.17865 


2.17391 
16920 
16450 
15983 
15517 
15054 
14592 
14133 
13675 
13220 


2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2.12766 
2.12314 
2.11864 
2.11416 
2.10970 
2.10526 
2.10084 
2.09644 
2.09205 
2.08768 
2.08333 
2.07900 
2.07469 
2.07039 
2.06612 
2.06186 
2.05761 
2.05339 
2.04918 
2.04499 


2.04082 
2.03666 
2.03252 
2.02840 
2.02429 
2.02020 
2.01613 
2.01207 
2.00803 
2.00401 


409 


1413.7 | 159043 
1416.9 | 159751 
1420.0 | 160460 
1423.1 | 161171 
1426.3 | 161883 
1429.4 | 162597 
1432.6 | 163313 
1435.7 | 164030 
1438.8 | 164748 
1442.0 | 165468 


1445.1 | 166190 
1448.3 | 166914 
1451.4 | 167639 
1454.6 | 168365 
1457.7 | 169093 
1460.8 | 169823 
1464.0 | 170554 
1467.1 | 171287 
1470.3 | 172021 
1473.4 | 172757 


1476.5 | 173494 
1479.7 | 174234 
1482.8 | 174974 
1486.0 | 175716 
1489.1 | 176460 
1492.3 | 177205 
1495.4 | 177952 
1498.5 | 178701 
1501.7 | 179451 
1504.8 | 180203 


1508.0 | 180956 
1511.1] 181711 
1514.2 | 182467 
1517.4 | 183225 
1520.5 | 183984 
1523.7 | 184745 
1526.8 | 185508 
1530.0 | 186272 
1533.1 | 187038 
1536.2 | 187805 


1539.4 | 188574 
1542.5 | 189345 
1545.7 | 190117 
1548.8 | 190890 
1551.9 | 191665 
1555.1 | 192442 
1558.2 | 193221 
1561.4 | 194000 
1564.5 | 194782 


1567.7 | 195565 


CARNEGIE 


STEEL COMPANY 


FUNCTIONS OF 


Numsers 500 tro 549 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 


i 
Reciprocal 


No. = Diameter 


Circum. 


Area 


250000 
251001 
252004 
253009 
254016 
255025 
256036 
257049 
258064 
259081 


260100 
261121 
262144 
263169 
264196 
265225 
266256 
267289 
268324 
269361 


270400 
271441 
272484 
273529 
274576 
275625 
276676 
277729 
278784 
279841 


280900 
281961 
283024 
284089 
285156 
286225 
287296 
288369 
289444 
290521 


291600 
292681 
293764 
294849 
295936 
297025 
298116 
299209 
300304 


301401 


125000000 
125751501 
126506008 
127263527 
3024064 


1 
128787625 
129554216 
130323843 
131096512 
131872229 


132651000 
133432831 
134217728 
135005697 
135796744 
136590875 
137388096 
138188413 
138991832 
139798359 


140608000 
141420761 
142236648 
143055667 
143877824 
144703125 
145531576 
146363183 
147197952 
148035889 


148877000 
149721291 
150568768 
151419437 
152273304 
153130375 
153990656 
154854153 
155720872 
156590819 


157464000 
158340421 
159220088 
160103007 
160989184 
161878625 
162771336 
163667323 
164566592 
165469149 


22.6495 
22.6716 
22.6936 
22.7156 
22.7376 
22.7596 
22.7816 


22.8035 
22.8254 
22.8473 
22.8692 
22.8910 
22.9129 
22.9347 
22.9565 
22.9783 
23.0000 


23.0217 
23.0434 
23.0651 
23.0868 
23.1084 
23.1301 
23.1517 
23.1733 
23.1948 
23.2164 


23.2379 
23.2594 
23.2809 
23.3024 
23.3238 
23.3452 
23.3666 
23.3880 
23.4094 
23.4307 
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Ww 


28 


© Ww 
RO 


SST SASS (ast st ietey 


OINMHMT PB 
‘ 3 06 ' 
ns 


is 
Ww 
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ve} 
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948 


ooo°o OOUWODODODNDOUOO 


0 00 00 00. CO INI 


2.69897 | 


2.69984 
.70070 
-70157 
.70243 
-70329 
-70415 
-70501 
-70586 
.70672 


NNNNNNNNW 


2.70757 
2.70842 


2.71517 


2.71600 
2.71684 
2.71767 
2.71850 
2.71933 
2.72016 
2.72099 
2.72181 
2.72263 
2.72346 


2.72428 
2.72509 
2.72591 
2.72673 
2.72754 
2.72835 
2.72916 
2.72997 
2.73078 
2.73159 


2.73239 
2.73320 
2.73400 
2.73480 
2.73560 
2.73640 
2.73719 
2.73799 
2.73878 
2.73957 


2.00000 
1.99601 
1.99203 
1.98807 
1.98413 
1.95020 
1.97628 


1.89753 
1.89394 
1.89036 


1.88679 
1.88324 
1.87970 
1.87617 
1.87266 
1.86916 
1.86567 
1.86220 
1.85874 
1.85529 


1.85185 
1.84843 
1.84502 
1.84162 
1.83824 
1.83486 
1.83150 
1.82815 
1.82482 
1.82149 


BRE Ree 
Orr or or ar 
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196350 
197136 
197923 
198713 
199504 
200296 
201090 
201886 
202683 
203482 


204282 
205084 
205887 
206692 
207499 
208307 
209117 
209928 
210741 
211556 


212372 
213189 
214008 
214829 
215651 
216475 
217301 
218128 
218956 
219787 


220618 
221452 
222287 
223123 
223961 
224801 
225642 
226484 
227329 
228175 


229022 
229871 
230722 
231574 
232428 
233283 
234140 
234998 
235858 
236720 


MATHEMATICAL TABLES 


Functions or Numbers, 550 ro 599 


No. 


Square 


Cube 


Square 
Root 


Cubie 
Root 


Logarithm 


1000 


ex 
Reciprocal 


No.=Diameter 


Circum. 


Area 


550 
551 
552 
553 
554 
555 
556 
557 
558 
559 


560 
561 
562 
563 
564 
565 
566 
567 
568 
569 


570 
571 
572 
573 
574 
575 
576 
577 
578 
579 


580 
581 
582 
583 
584 
585 
586 
587 
588 
589 


590 
591 
592 
593 
594 
595 
596 
597 
598 
599 


302500 
303601 
304704 
305809 
306916 
308025 
309136 
310249 
311364 
312481 


313600 
314721 
315844 
316869 
318096 
319225 
320356 
321489 
322624 
323761 


324900 
320041 
327184 
328329 
329476 
330625 
331776 
332929 
334084 
335241 


336400 
337561 
338724 
339889 
341056 
342225 
343396 
344569 
345744 
346921 


348100 
349281 
350464 
351649 
352836 
354025 
355216 
356409 
357604 
358801 


166375000 
167284151 
168196608 
169112377 
170031464 
170953875 
171879616 
172808693 
173741112 
174676879 


175616000 
176558481 
177504328 
178453547 
179406144 
180362125 
181321496 
182284263 
183250432 
184220009 


185193000 
186169411 
187149248 
188132517 
189119224 
190109375 
191102976 
192100033 
193100552 
194104539 


195112000 
196122941 
197137368 
198155287 
199176704 
200201625 
201230056 
202262003 
203297472 
204336469 


205379000 
206425071 
207474688 
208527857 
209584584 
210644875 
211708736 
212776173 
213847192 
214921799 


23.4521 
23.4734 
23.4947 
23.5160 
23.5372 
23.5584 
23.5797 
23.6008 
23.6220 
23.6432 


23.6643 
23.6854 
23.7065 
23.7276 
23.7487 
23.7697 
23.7908 
23.8118 
23,8328 
23.8537 


23.8747 
23.8956 
23.9165 
23,9374 
23.9583 
23.9792 
24.0000 
24.0208 
24.0416 
24.0624 


24.0832 
24.1039 
24.1247 
24.1454 
24.1661 
24.1868 
24,2074 
24.2281 
24,2487 
24.2693 


24.2899 
24.3105 
24.3311 
24.3516 
24.3721 
24.3926 
24.4131 
24.4336 
24.4540 
24.4745 


8.1932 
8.1982 
8.2031 


2.74036 
T4115 
74194 
74273 
74351 
74429 
74507 
74586 
2.74663 
2.74741 


WNNNNNN 


2.74819 
2.74896 
2.74974 
2.75051 
2.75128 
2.75205 
2.75282 
2.75358 
2.75435 
2.75511 


2.76193 
2.76268 


2.76343 


2.76938 
7012 


WNW 
“I a 

(op) 

ie) 

(er) 

BS 


77085 
77159 
77232 
77305 
77379 
77452 
2.77525 
2.77597 
2.77670 
2.77743 


WN Wt 


$1818 
51488 
81159 
-80832 
-80505 
80180 
79856 
79533 
9211 
-78891 


He Ee ee eee 


1.78571 
1.78253 
1 
1 


1.72414 
1.72117 
1.71821 
1.71527 
1.71233 
1.70940 
1.70648 
1.70358 
1.70068 
169 779) 


1.69492 
1.69205 
1.68919 
1.68634 
1.68350 
1.68067 
1.67785 
1.67504 
1.67224 
1.66945 


4759.3 
1762.4 
1765.6 
1768.7 
1771.9 
1775.0 
1778.1 
1781.3 
1784.4 
1787.6 


1790.7 
1793.8 
1797.0 
1800.1 
1803.3 
1806.4 
1809.6 
1812.7 
1815.8 
1819.0 


1822.1 
1825.3 
1828.4 
1831.6 
1834.7 
1837.8 
1841.0 
1844.1 
1847.3 
1850.4 


1853.5 
1856.7 
1859.8 
1863.0 
1866.1 
1869.2 
1872.4 
1875.5 
1878.7 
1881.8 


237583 
238448 
239314 
240182 
241051 
241922 
242795 
243669 
244545 
245422 


246301 
247181 
248063 
248947 
249832 
250719 
251607 
252497 
253388 
254281 


255176 
256072 
256970 
257869 
258770 
259672 
260576 
261482 
262389 
263298 


264208 
265120 
266033 
266948 
267865 
268783 
269703 
270624 
271547 
272471 


273397 
274325 
275254 
276184 
277117 
278051 
278986 
279923 
280862 
281802 


CARNEGIE 


STEEL COMPANY 


FUNCTIONS OF 


Numpers 600 ro 649 


Cube 


Square 
Root 


Cubic 
Root 


| Logarithm 


1000 


es 
Reciprocal 


——) 


No.=Diameter 


Circum. 


Area 


600 


602 
603 
604 
605 
606 
607 
608 
609 


610 
611 
612 


421201 


368449 
369664 
370881 


372100 
373321 
374544 
375769 
375996 
378225 
379456 
380689 
381924 
383161 


384400 
385641 
386884 


| 388129 


389376 
390625 
391876 
393129 
394384 
395641 


396900 
398161 
399424 
400689 
401956 
403225 
404496 
405769 
407044 
408321 


409600 
410881 
412164 
413449 
414736 
416025 
417316 
418609 
419904 


216000000 
217081801 
218167208 
219256227 
220348864 
221445125 
222545016 
223648543 
224755712 
225866529 


226981000 
228099131 
229220928 
230346397 
231475544 
232608375 
233744896 
234885113 
236029032 
237176659 


238328000 
239483061 
240641848 
241804367 
242970624 
244140625 
245314376 
246491883 
247673152 
248858189 


250047000 
251239591 
252435968 
253636137 
254840104 
256047875 
257259456 
258474853 
259694072 
260917119 


262144000 
263374721 
264609288 
265847707 
267089984 
268336125 
269586136 
270840023 
272097792 
273359449 


24.4949 


NNNNNNNNN 


PP RR ROR A I 
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NOUWNOAGDHLNW 


24.8998 
24.9199 
24.9399 
24.9600 
24.9800 
25.0000 
25.0200 
25.0400 
25.0599 
25.0799 


25.0998 
25.1197 
25.1396 
25.1595 
25.1794 
25.1992 
25.2190 
25.2389 
25.2587 
25.2784 


25.2982 
25.3180 
25.3377 
25.3574 
25.3772 
25.3969 
25.4165 
25.4362 
25.4558 
25.4755 


-5040 
-5086 


WDaonnmnnnnnmnm wm 
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© 

Rs) 
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8.6177 
8.6222 
8.6267 
8.6312 
8.6357 
8.6401 
8.6446 
8.6490 
8.6535 
8.6579 


WNNNNNNNNNW 


NUNN 


7 
7 
7 
8 
8 
8176 
8 
8 
8 
8 


NNNNNNNNNL 


nr 
J 
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2.79865 | 1 


2.79934 
2.80003 
2.80072 
2.80140 
2.80209 | 1 
2.80277 | 1 
2.80346 | 1 
2.80414] 1 
2.80482 | 1 
2.80550 | 1 


1 
it 
1 
i) 


2.80618 | 1 
2.80686 | 1 
2.80754 | 1 
2.80821 | 1 
2.80889 | 1 
2.80956 | 1 
2.81023 | 1 
2.81090 | 1 
2.81158 | 1 


2.812241 1 


SD 
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Ni 
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He He H= Or Or Or Or 
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.63934 | 


-63666 
-63399 
.63132 
-62866 
-62602 
-62338 
-62075 
-61812 
-61551 


-61290 
-61031 
60772 
60514 
-60256 
-60000 
-S9744 
-59490 
-59236 
-58983 


-58730 
-58479 
-08228 
-507978 
57729 
-97480 
.57233 
-56986 
-56740 
-56495 


-56250 
-56006 
-55763 
-55521 
-55280 
-55039 
-54799 
-54560 
-04321 
-54083 


| 1913. 


1885.0 
1888.1 
1891. 
1894. 
1897 
1900. 
1903 

1906. 
1910. 


NROBN Mt 


1916. 
OO 
1922. 
1925. 
1928. 
1932. 
1935. 
1938. 
1941. 
1944.6 


OPNrFOAN OL 


1947.8 
1950.9 
1954.1 
1957.2 
1960.4 
1963.5 
1966.6 
1969.8 
1972.9 
1976.1 


1979.2 
1982.3 
1985.5 
1988.6 
LOO S 
1994.9 
1998.1 
2001.2 
2004.3 
2007.5 


2010.6 
2013.8 
2016.9 
2020.0 
2023.2 
2026.3 
2029.5 
2032.6 
2035.8 
2038.9 


282743 
283687 
284631 
285578 
286526 
287475 
288426 
289379 
290333 
291289 


292247 
293206 
294166 
295128 
296092 
297057 
298024 
298992 
299962 
300934 


301907 
302882 
303858 
304836 
305815 
306796 
307779 
308763 
309748 
310736 


311725 
312715 
313707 
314700 
315696 
316692 
317690 
318690 
319692 
320695 


321699 
322705 
323713 
324722 
325733 
326745 
327759 
328775 
329792 
330810 


MATHEMATICAL TABLE 


Functions or Numbers, 650 ro 699 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 


es 
Reciprocal 


No.=Diameter 


Circum. 


Area 


422500 
423801 
425104 

426409 
427716 
429025 
430336 
431649 
432964 
434281 


435600 
436921 
438244 
439569 
440896 
442225 
443556 
444889 
446224 
447561 


448900 
450241 
451584 
452929 
454276 
455625 
456976 
458329 
459684 
461041 


462400 
463761 
465124 
466489 
467856 
469225 
470596 
471969 
473344 
474721 


476100 
477481 
478864 
480249 
481636 
483025 
484416 
485809 
487204 
488601. 


274625000 
275894451 
277167808 
278445077 
279726264 
281011375 
282300416 
283593393 
284890312 
286191179 


287496000 
288804781 
290117528 
291434247 
292754944 
294079625 
295408296 
296740963 
298077632 
299418309 


300763000 
302111711 
303464448 
304821217 
306182024 
307546875 
308915776 
310288733 
311665752 
313046839 


314432000 
315821241 
317214568 
318611987 
320013504 
321419125 
322828856 
324242703 
325660672 
327082769 


328509000 
329939371 
331373888 
332812557 
334255384 
335702375 
337153536 
338608873 
340068392 
341532099 


25.4951 


25.6905 
25.7099 
25.7294 
25.7488 
25.7682 
25.7876 
25.8070 
25.8263 
25.8457 
25.8650 


25.8844 
25.9037 
25.9230 
25.9422 
25.9615 
25.9808 
26.0000 
26.0192 
26.0384 
26.0576 


26.0768 
26.0960 
26.1151 
26.1343 
26.1534 
26.1725 
26.1916 
26.2107 
26.2298 
26.2488 


26.2679 
26.2869 
26.3059 
26.3249 
26.3439 
26.3629 
26.3818 
26.4008 
26.4197 
26.4386 


413 


8.6624 


8.7329 
8.7373 
8.7416 
8.7460 


8.7503 
8.7547 
8.7590 
8.7634 
8.7677 
8.7721 
8.7764 
8.7807 
8.7850 
8.7893 


8.7937 
8.7980 
8.8023 
8.8066 
8.8109 
8.8152 
8.8194 
8.8237 
8.8280 
8.8323 


8.8366 
8.8408 
8.8451 
8.8493 
8.8536 
8.8578 
8.8621 
8.8663 
8.8706 
8.8748 


2.81291 
2.81358 
2.81425 
2.81491 
2.81558 
2.81624 
2.81690 
2.81757 
2.81823 
2.81889 


2.81954 
2.82020 
2.82086 
2.82151 
2.82217 
2.82282 
2.82347 
2. 82413 


2.83251 
2.83315 
2.83378 
2.83442 
2.83506 
2.83569 
2.83632 
2.83696 
2.83759 
2.83822 


2.83885 
2.83948 


2.84011 
2.84073 
2.84136 
2.84198 
2.84261 
2.84323 
2.84386 
2.84448 


6 
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Te 
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74 
139 
2905 
2672 
439 
2207 
51976 
1745 
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1.51515 
1.51286 
1.51057 
1.50830 
1.50602 
1.50376 
1.50150 
1.49925 
1.49701 
1.49477 


1.49254 
1.49031 
1.48810 
1.48588 
1.48368 
1.48148 
1.47929 
1.47710 
1.47493 
1.47275 


1.47059 
1.46843 
1.46628 
1.46413 
1.46199 


1.44928 
1.44718 
1.44509 
1.44300 
1.44092 
1.43885 
1.43678 
1.43472 
1.43266 
1.43062 


2042.0 
2045.2 
2048.3 
2051.5 
2054.6 
2057.7 
2060.9 
2064.0 
2067.2 
2070.3 


2073.5 
2076.6 
2079.7 
2082.9 
2086.0 
2089.2 
2092.3 
2095.4 
2098.6 
2101.7 


2104.9 
2108.0 
2111.2 
2114.3 
2117.4 
2120.6 
2123.7 
2126.9 
2130.0 

133.1 


2136.3 
2139.4 
2142.6 
2145.7 
2148.8 
2152.0 
2155.1 
2158.3 
2161.4 
2164.6 


2167.7 
2170.8 
2174.0 
Palle teal 
2180.3 
2183.4 
2186.5 
2189.7 
2192.8 
2196.0 


331831 
332853 
333876 
334901 
335927 
336955 
337985 
339016 
340049 
341084 


342119 
343157 
344196 
345237 
346279 
347323 
348368 
349415 
350464 
351514 


352565 
353618 
354673 
355730 
356788 
357847 
358908 
359971 
361035 
362101 


363168 
364237 
365308 
366380 
367453 
368528 
369605 
370684 
371764 
372845 


373928 
375013 
376099 
SOdLen 
378276 
379367 
380459 
381553 
382649 
383746 


CARNEGIE 


STEEL COMPANY 


FUNCTIONS OF 


Numpers, 700 to 749 


Square 


Cube 


| 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 


| Reciprocal 


No.=Diameter 


Circum. 


Area 


490000 
491401 
492804 
494209 
495616 
497025 
498436 
499849 
501264 
502681 


504100 
505521 
506944 
508369 
509796 
511225 
512656 
514089 
515524 
516961 


518400 
519841 
521284 
522729 
524176 
525625 
527076 
528529 
529984 
531441 


532900 
5384361 
535824 
537289 
538756 
540225 
541696 
543169 
544644 
546121 


547600 
549081 
550564 
552049 
553536 
555025 
556516 
558009 
559504 
561001 


343000000 
344472101 
345948408 
347428927 
348913664 
350402625 
351895816 
353393243 
354894912 
356400829 


357911000 
359425431 
360944128 
362467097 
363994344 
365525875 
367061696 
368601813 
370146232 
371694959 


373248000 
374805361 
376367048 
377933067 
379503424 
351078125 
382657176 
384240583 
385828352 
387420489 


389017000 
390617891 
392223168 
393832837 
395446904 
397065375 
398688256 
400315553 
401947272 
403583419 


405224000 
406869021 
408518488 
410172407 
411830784 
413493625 
415160936 
416832723 
418508992 
420189749 


26.9258 
26.9444 
26.9629 
26.9815 
27.0000 


27.0185 
27.0370 
27.0555 
27.0740 
27.0924 
27.1109 
27.1293 
27.1477 
27.1662 
27.1846 


27.2029 
27.2213 
27.2397 
27.2580 
27.2764 
27.2947 
27.3130 
27.3313 
27.3496 


27.3679 
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9.0287 
9.0328 
9.0369 
9.0410 


9.0450 
9.0491 
9.0532 
9.0572 
9.0613 
9.0654 
9.0694 
0.0735 
9.0775 


9.0816 


WMMNUNNNWN 
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2.86570 


"| 2.86629 


2.86688 
2.86747 
2.86806 
2.86864 


2.86923 
2.86982 
2.87040 
2.87099 
2.87157 
2.87216 
2.87274 
2.87332 
2.87390 
2.87448 


1.42857 
1.42653 
1.42450 
1.42248 
1.42045 
1.41844 
1.41643 
1.41443 
1.41243 
1.41044 


1.40845 
1.40647 
1.40449 
1.40252 
1.40056 
1.39860 
1.39665 
1.39470 
1.39276 
1.39082 


1.38889 
1.38696 
1.38504 
1.38313 
1.38122 
1.37931 
1.37741 
1.37552 
1.37363 
1.37174 


1.36986 
1.36799 
1.36612 
1.36426 
1.36240 
1.36054 
1.35870 
1.35685 
1.35501 
1.35318 


1.35135 
1.34953 
1.34771 
1.34590 
1.34409 
1.34228 
1.34048 
1.33869 
1.33690 
1.33511 


2199.1 
2202.3 
2205.4 
2208.5 
2211.7 
2214.8 
2218.0 
2221.1 
2224.2 
2227.4 


2230.5 
2233.7 
2236.8 
2240.0 
2243.1 
2246.2 
2249.4 
2252.5 
2255.7 
2258.8 


2261.9 
2265.1 
2268.2 
2271.4 
2274.5 
2277.7 
2280.8 
2283.9 
2287.1 
2290.2 


2293.4 
2296.5 
2299.6 
2302.8 
2305.9 
2309.1 
2312.2 
2315.4 
2318.5 
2321.6 


2324.8 
2327.9 
2331.1 
2334.2 
2337.3 
2340.5 
2343.6 
2346.8 
2349.9 
2353.1 


414 


384845 
385945 
587047 
388151 
389256 
390363 
391471 
392580 
393692 
394805 


395919 
397035 
598153 
399272 
400393 
401515 
402639 
403765 
404892 
406020 


407150 
408282 
409415 
410550 
411687 
412825 
413965 
415106 
416248 
417393 


418539 
419686 
420835 
421986 
423138 
424293 
425447 
426604 
427762 
428922 


430084 
431247 
432412 
433578 
434746 
435916 
437087 
438259 
439433 
440609 


MATHEMATICAL TABLES 


Functions or Numsers, 750 to 799 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 © 


rz 
Reciprocal 


No.=Diameter 


Circum. 


Area 


750 
iol 
752 
753 
754 
755 
756 
757 
758 
759 


760 
761 
762 
763 
764 
765 
766 
767 
768 
769 


770 
wipe 
772 
773 
774 
775 
776 
LOE, 
778 
779 


780 
781 
782 
783 
784 
785 
786 
787 
788 
739 


790 
aon 
792 
793 
794 
795 
796 
TOD 
798 


562500 
564001 
565504 
567009 
568516 
570025 
571536 
573049 
574564 
576081 


577600 
579121 
580644 
582169 
583696 
585225 
586756 
588289 
589824 
591361 


592900 
594441 
595984 
597529 
599076 
600625 
602176 
603729 
605284 
606841 


608400 
609961 
611524 
613089 
614656 
616225 
617796 
619369 
620944 
622521 


624100 
625681 
627264 
628849 
630436 
632025 
633616 
635209 
636804 


799 | 638401 


421875000 
425564751 
425259008 
426957777 
428661064 
430368875 
432081216 
433798093 
435519512 
437245479 


438976000 
440711081 
442450728 
444194947 
445943744 
447697125 
449455096 
451217663 
452984832 
454756609 


456533000 
458314011 
460099648 
461889917 
463684824 
465484375 
467288576 
469097433 
470910952 
472729139 


474552000 
476379541 
478211768 
480048687 
481890304 
483736625 
485587656 
487443403 
489303872 
491169069 


493039000 
494913671. 
496793088 
498677257 
500566184 
502459875 
504358336 
506261573 
508169592 
510082399 


27.3861 
27.4044 
27.4226 
27.4408 
27.4591 
27.4773 
27.4955 
27.5136 
27.5318 
27.5500 


27.5681 
27.5862 
27.6043 
27.6225 
27.6405 
27.6586 
27.6767 
27.6948 
27.7128 
27.7308 


27.7489 
27.7669 
27.7849 
27.8029 
27.8209 
27.8388 
27.8568 
27.8747 
27.8927 
27.9106 


27.9285 
27.9464 
27.9643 
27.9821 
28.0000 
28.0179 
28.0357 
28.0535 
28.0713 
28.0891 


28.1069 
28.1247 
28.1425 
28.1603 
28.1780 
28.1957 
28.2135 
28,2312 
28.2489 
28,2666 


9.0856 
9.0896 
9.0937 
9:0977 
9.1017 
9.1057 
9.1098 
9.1138 
9.1178 
9.1218 


9.1258 
9.1298 
9.1338 
9.1378 
9.1418 
9.1458 
9.1498 
9.1537 
9.1577 
9.1617 


9.1657 
9.1696 
9.1736 
9.1775 
9.1815 
9.1855 
9.1894 
9.1933 
9.1973 
9.2012 


9.2052 
9.2091 
9.2130 
9.2170 
9.2209 
9.2248 
9.2287 
9.2326 
9.2365 
9.2404 


9.2443 
9.2482 
9,2521 
9.2560 
9.2599 
9.2635 
9.2677 
9.2716 
9.2754 
9.2793 


7737 


WHNNYNNNNNNW 
DOonmnnnnnnwa 


2.88536 
2.88593 


2.88649 
2.88705 
2.88762 
2.88818 
2.88874 
2.88930 
2.88986 
2.89042 
2.89098 
2.89154 


2.89209 
2.89265 
2.89321 
2.89376 
2.89432 
2.89487 
2.89542 
2.89597 
2.89653 
2.89708 


2.89763 
2.89818 
2.89873 
2.89927 
2.89982 
2.90037 


33333 
33156 
32979 
32802 
-32626 
.32450 
.32275 
.32100 
-31926 
.31752 


BER Ee ee eee 


.81579 
-31406 
-31234 
-3 1062 


30719 
-30548 
.30378 
-30208 
1.30039 


BRR eRe eRe 


1.29870 
1.29702 
1.29534 
1.29366 
IEZOLOO 
1.29032 
1.28866 
1.28700 


1.28535 | 2 


1.28370 


1.28205 


1.28041 
1.27877 
1.27714 
27551 
.27389 
27226 
27065 
1.26904 
1.26743 


a 


1.26582 
1.26422 
1.26263 
1.26103 
1.25945 
1.25786 
1.25628 
1.25471 
1.25313 


51 1.25156 


-30890] 2 


2356.2 


2510.1 


441786 
442965 
444146 
445328 
446511 
447697 
448883 
450072 
451262 
452453 


453646 
454841 
456037 
457234 
458434 
459635 
460837 
462041 
463247 
464454 


465663 
466873 
468085 
469298 
470513 
471730 
472948 
474168 


2) 475389 


476612 


477836 
479062 
480290 
481519 
482750 
483982 
485216 
486451 
487688 
488927 


490167 
491409 
492652 
493897 
495143 
496391 
497641 
498892 
500145 
501399 


CARNEGIE 


FUNCTIONS oF 


STEEL COMPANY 


Nvumeers, 800 


To 849 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 
| 


1000 


x 
Reciprocal 


No.=Diameter 


Circum. Area 


8090 
801 
802 
803 
804 
805 
806 
807 
808 
809 


810 
811 
812 
813 
814 
815 
816 
817 
818 
819 


820 
821 
822 
823 
824 
825 
826 
827 
828 
829 


830 
831 
832 
833 
834 
835 
836 
837 
838 
839 


840 
841 
842 
843 
844 
845 
846 
847 
848 
849 


640000 
641601 
643204 
644809 
646416 
648025 
649636 
651249 
652864 
654481 


656100 
657721 
659344 
660969 
662596 
664225 
665856 
667489 
669124 
670761 


672400 
674041 
675684 
677329 
678976 
680625 
682276 
683929 
685584. 
687241 


688900 
690561 
692224 
693889 
695556 
697225 
698896 
700569 
702244 
703921 


705600 
707281 
708964 
710649 
712336 
714025 
715716 
717409 
719104 
720801 


512000000 
513922401 
515849608 
517781627 
519718464 
521660125 
523606616 
525557943 
527514112 
529475129 


531441000 
533411731 
535387328 
537367797 
539353144 
541343375 
543338496 
545338513 
547343432 
549353259 


551368000 
553387661 
555412248 
557441767 
559476224 
561515625 
563559976 
565609283 
567663552 
569722789 


571787000 
573856191 
575930368 
578009537 
580093704. 
582182875 
584277056 
586376253 
588480472 
590589719 


592704000 
594823321 
596947688 
599077107 
601211584 
603351125 
605495736 
607645423 
609800192 
611960049 


28,2843 
28.3019 
28.3196 
28.3373 
28.3549 
28.3725 
28.3901 
28.4077 
28.4253 
28.4429 


28.4605 
28.4781 
28.4956 
28.5132 
28.5307 
28.5482 
28.5657 
28.5832 
28.6007 
28.6182 


28.6356 
28.6531 
28.6705 
28.6880 
28.7054 
28.7228 
28.7402 
28.7576 
28.7750 
28.7924 


28.8097 
28.8271 
28.8444 
28.8617 
28.8791 
28.8964 
28.9137 
28.9310 
28,9482 
28.9655 


28.9828 
29.0000 
29.0172 
29.0345 
29.0517 
29.0689 
29.0861 
29.1033 
29.1204 


29.1376 


9.2832 
9.2870 
9.2909 
9.2948 
9.2986 
9.3025 
9.3063 
9.3102 
9.3140 
9.3179 


S217 
9.3255 
9.3294 
9.3332 
9.3370 
9.3408 
9.3447 
9.3485 
9.3523 
9.3561 


9.3599 
9.3637 
9.3675 
9.3713 
9.3751 
9.3789 


2.90309 
2.90363 
2.90417 
2.90472 
2.90526 
2.90580 
2.90634 
2.90687 
2.90741 
2.90795 


2.90849 
2.90902 
2.90956 
2.91009 
2.91062 
2.91116 
2.91169 
2.91222 
2.91275 
2.91328 


2.91381 
2.91434 
2.91487 
2.91540 
2.91593 
2.91645 
2.91698 
2.91751 
2.91803 
2.91855 


2.91908 
2.91960 
2.92012 
2.92065 
2.92117 
2.92169 
2.92221 
2.92273 
2.92324 
2.92376 


1.25000 
1.24844 
1.24688 
1.24533 
1.24378 
1.24224 
1.24069 
1.23916 
1.23762 
1.23609 


1.23457 
1.23305 
1.23153 
1.23001 
1.22850 


1.20773 
1.20627 


1.20482 
1.20337 
1.20192 
1.20048 
1.19904 
-19760 
19617 
-19474 
-19332 
-19190 


Bee ep 


19048 
-18906 


2513.3 | 502655 
2516.4 | 503912 
2519.6 | 505171 
2522.7 | 506432 
2525.8] 507694 
2529.0] 508958 
2532.1] 510223 
2535.3] 511490 
2538.4 | 512758 
2541.5 | 514028 


2544.7 | 515300 
2547.8 | 516573 
2551.0] 517848 
2554.1] 519124 
2557.3 | 520402 
2560.4] 521681 
2563.5 | 522962 
2566.7 | 524245 
2569.8 | 525529 
2573.0 | 526814. 


2576.1 | 528102 
2579.2 | 529301 
2582.4 | 530681 
2585.5 | 531973 
2588.7 | 533267 
2591.8] 534562 
2595.0] 535858 
2598.1] 537157 
2601.2] 538456 
2604.4 | 539758 


2607.5 | 541061 
2610.7 | 542365 
2613.8 | 543671 
2616.9] 544979 
2620.1] 546288 
2623.2 | 547599 
2626.4] 548912 
2629.5] 550226 
2632.7 | 551541 
2635.8 | 552858 


2638.9 | 554177 
2642.1 | 555497 
2645.2 | 556819 
2648.4] 558142 
2651.5] 559467 
2654.6] 560794. 
2657.8 | 562122 
2660.9 | 563452 
2664.1 | 564783 
566116 


MATHEMATICAL TABLES 


Functions or Numpers, 850 ro 899 


q : 1000 No. =Diameter 
No. | Square Cube See ee Logarithm = fe ; 
eciprocal| Cireum. Area 

850 | 722500] 614125000 | 29.1548 | 9.4727 | 2.92942 | 1.17647 | 2670.4 | 567450 
851 | 724201 | 616295051 | 29.1719 | 9.4764 | 2.92993 | 1.17509 | 2673.5] 5687856 
852 | 725904 | 618470208 | 29.1890 | 9.4801 | 2.93044 | 1.17371 | 2676.6 | 570124 
853 | 727609 | 620650477 | 29.2062 | 9.4838 | 2.93095 | 1.17233 | 2679.8 | 571463 
854 | 729316] 622835864 | 29.2233 | 9.4875 | 2.93146 | 1.17096 | 2682.9 | 572803 
855 | 731025 | 625026375 | 29.2404 | 9.4912 | 2.93197 | 1.16959 } 2686.1 | 574146 
856 | 732736! 627222016 | 29.2575 | 9.4949 | 2.93247 | 1.16822 | 2689.2 | 575490 
857 | 734449 | 629422793 | 29.2746 | 9.4986 | 2.93298 | 1.16686 | 2692.3 | 576835 
858 | 736164] 631628712 | 29.2916 | 9.5023 | 2.93349 | 1.16550 | 2695.5 | 578182 
859 | 737881 | 633839779 | 29.3087 | 9.5060 | 2.93399 | 1.16414 | 2698.6 | 579530 
860 | 739600 | 636056000 | 29.3258 | 9.5097 | 2.93450 | 1.16279 | 2701.8 | 580880 
861 | 741321 | 638277381 | 29.3428 | 9.5134] 2.93500 | 1.16144 | 2704.9 | 582232 
862 | 743044 | 640503928 | 29.3598 | 9.5171 | 2.93551 | 1.16009 | 2708.1 | 583585 
863 | 744769 | 642735647 | 29.3769 | 9.5207 | 2.93601 | 1.15875 | 2711.2 | 584940 
864 | 746496 | 644972544 | 29.3939 | 9.5244 | 2.93651 | 1.15741 | 2714.3 | 586297 
865 | 748225 | 647214625 | 29.4109 | 9.5281 | 2.93702 | 1.15607 | 2717.5 587655 
866 | 749956 | 649461896 | 29.4279 | 9.5317 | 2.93752 | 1.15473 | 2720.6) 589014 
867 | 751689) 651714363 | 29.4449 | 9.5354 | 2.93802 | 1.15340] 2723.8 | 590375 
868 | 753424) 653972032 | 29.4618 | 9.5391 | 2.93852 | 1.15207 | 2726.9 591738 
3869 | 755161 | 656234909 | 29.4788 | 9.5427 | 2.93902 | 1.15075 | 2730.0 | 593102 
870 | 756900 | 658503000 | 29.4958 | 9.5464 | 2.93952 | 1.14943 | 2733.2 | 594468 
871 | 758641 | 660776311 | 29.5127 | 9.5501 | 2.94002 | 1.14811 2736.3 | 595835 
872 | 760384 | 663054848 | 29.5296 | 9.5537 | 2.94052 | 1.14679 2739.5 | 597204 
873 | 762129 | 665338617 | 29.5466 | 9.5574 | 2.94101 | 1.14548 | 2742 6| 598575 
874 | 763876 | 667627624 | 29.5635 | 9.5610 | 2.94151 | 1.14416 | 2745 8 | 599947 
875 | 765625 | 669921875 | 29.5804 | 9.5647 | 2.94201 | 1.14286 2748.9 | 601320 
876 | 767376 | 672221376 | 29.5973 | 9.5683 | 2.94250 | 1.14155 2752.0] 602696 
877 | 769129 | 674526133 | 29.6142 | 9.5719 | 2.94300 1.14025 | 2755.2 | 604073 
878 | 770884 | 676836152 | 29.6311 | 9.5756 | 2.94349 1.13895 | 2758.3 | 605451 
879 | 772641 | 679151439 | 29.6479 | 9.5792 | 2.94399 | 1.13766 | 2761.5 | 606831 
820 | 774400 | 681472000 | 29.6648 | 9.5828 | 2.94448 | 1.18636 | 2764.6 | 608212 
881 | 776161 | 683797841 | 29.6816 | 9.5865 | 2.94498 1.13507 | 2767.7 | 609595 
882 | 777924 | 686128968 | 29.6985 | 9.5901 | 2.94547 1.13379 | 2770.9 | 610980 
883 | 779689 | 688465387 | 29.7153 | 9.5937 2.94596 | 1.13250 | 2774.0 | 612366 
884 | 781456 | 690807104 | 29.7321 | 9.5973 2.94645 | 1.13122] 2777.2 | 613754 
885 | 783225 | 693154125 | 29.7489 | 9.6010 2.94694 | 1.12994 | 2780.3 | 615143 
886 | 784996 | 695506456 | 29.7658 | 9.6046 | 2.94743 1.12867 | 2783.5 | 616534 
887 | 786769 | 697864103 | 29.7825 | 9.6082 2.94792 | 1.12740 | 2786.6 | 617927 
888 | 788544 | 700227072 | 29.7993 | 9.6118 2.94841 | 1.12613 | 2789.7 | 619821 
889 | 790321 | 702595369 | 29.8161 | 8.6154 | 2.94890 | 1.12486 | 2792.9 620717 
890 | 792100 | 704969000 | 29.8329 | 9.6190 | 2.94939 | 1.12360 | 2796.0 622114 
891 | 793881 | 707347971 | 29.8496 | 9.6226 | 2.94988 1.12233 | 2799.2 | 623513 
892 | 795664 | 709732288 | 29.8664 | 9.6262 2.95036 | 1.12108 | 2802.3 | 624913 
893 | 797449 | 712121957 | 29.8831 | 9.6298 | 2.95085 | 1.11982 2805.4 | 626315 
394 | 799236 | 714516984 | 29.8998 | 9.6334 | 2.95134 | 1.11857 2808.6 | 627718 
895 | 801025 | 716917375 | 29.9166 | 9.6370 2.95182 | 1.11732 | 2811.7 | 629124 
896 | 802816 | 719323136 | 29.9333 | 9.6406 | 2.95231 | 1.11607 2814.9 | 630530 
2897 | 804609 | 721734273 | 29.9500 | 9.6442 | 2.95279 | 1.11483 2818.0 | 631938 
898 | 806404.| 724150792 | 29.9666 | 9.6477 | 2.95328 | 1.11359 2821.2 | 633348 
899 | 808201 | 726572699 |} 29.9833 2.95376 | 1.11235 | 2824.3 | 634760 


9.6513 


417 


CARNEGIE STEEL COMPANY 


Functions of NumpBers, 900 ro 949 


7 : 1000 No.=Diameter 
5 Cub ce oe Logarithm x 

PEE ae Root Root Reciprocal| Cireum. | Area 

810000 | 729000000 | 30.0000 | 9.6549 | 2.95424 | 1.11111 | 2827.4| 636173 
811801 | 731432701 | 30.0167 | 9.6585 | 2.95472 | 1.10988 | 2830.6 | 637587 
813604 | 733870808 | 30.0333 | 9.6620 | 2.95521 | 1.10865 | 2833.7 | 639003 
815409 | 736314327 | 30.0500 | 9.6656 | 2.95569 | 1.10742 | 2836.9 | 640421 
817216 | 738763264 | 30.0666 | 9.6692 | 2.95617} 1.10619 | 2840.0] 641840 
819025 | 741217625 | 30.0832 | 9.6727 | 2.95665 | 1.10497 | 2843.1] 643261 
820836 | 743677416 | 30.0998 | 9.6763 | 2.95713 | 1.10375 | 2846.3] 644683 
822649 | 746142643 | 30.1164 | 9.6799 | 2.95761 | 1.10254 | 2849.4] 646107 
824464 | 748613312 | 30.1330 | 9.6834 | 2.95809 | 1.10132 | 2852.6 | 647533 
826281 | 751089429 | 30.1496 | 9.6870 | 2.95856 | 1.10011 | 2855.7 | 648960 
828100 | 753571000 | 30.1662 | 9.6905 | 2.95904 | 1.09890 | 2858.8 | 650388 
829921 | 756058031 | 30.1828 | 9.6941 | 2.95952 | 1.09769 | 2862.0 651818 
831744 | 758550528 | 30.1993 | 9.6976 | 2.95999 | 1.09649 | 2865.1 653250 
833569 | 761048497 | 30.2159 | 9.7012 | 2.96047 | 1.09529 | 2868.3 654684 
$35396 | 763551944 | 30.2324 | 9.7047 | 2.96095 | 1.09409 | 2871.4 656118 
837225 | 766060875 | 30.2490 | 9.7082 | 2.96142 | 1.09290 2874.6 | 657555 
839056 | 768575296 | 30.2655 | 9.7118 | 2.96190| 1.09170 2877.7 | 658993 
840889 | 771095213 | 30.2820 |'9.7153 | 2.96237 | 1.09051 2880.8 | 660433 
842724 | 773620632 | 30.2985 | 9.7188 | 2.96284 | 1.08932 2884.0 | 661874 
844561 | 776151559 | 30.3150 | 9.7224 | 2.96332 1.08814 | 2887.1 | 663317 
846400 | 778688000 | 30.3315 | 9.7259 | 2.96379 | 1.08696 2890.3 | 664761 
848241 | 781229961 | 30.3480! 9.7294 | 2.96426 1.08578 | 2893.4 | 666207 
850084 | 783777448 | 30.3645 | 9.7329 | 2.96473 1.08460 | 2896.5 | 667654 
851929 | 786330467 | 30.3809 | 9.7364 | 2.96520 1.08342 | 2899.7 | 669103 
853776 | 788889024 | 30.3974 | 9.7400 | 2.96567 1.08225 | 2902.8 | 670554 
855625 | 791453125 | 30.4138 | 9.7435 | 2.96614 1.08108 | 2906.0 | 672006 
857476 | 794022776 | 30.4302 | 9.7470 | 2.96661 1.07991 | 2909.1 | 673460 
859329 | 796597983 | 30.4467 | 9.7505 | 2.96708 1.07875 | 2912.3 | 674915 
861184 | 799178752 | 30.4631 | 9.7540 | 2.96755 1.07759 | 2915.4 | 676372 
863041 | 801765089 | 30.4795 | 9.7575 | 2.96802 1.07643 | 2918.5 | 677831 
864900 | 804357000 | 30.4959 | 9.7610 | 2.96848 1.07527 | 2921.7 | 679291 
866761 | 806954491 | 30.5123 | 9.7645 2.96895 | 1.07411 | 2924.8] 680752 
868624 | 809557568 | 30.5287 | 9.7680 | 2.96942 1.07296 | 2928.0 | 682216 
870489 | 812166237 | 30.5450 | 9.7715 | 2.96988 1.07181 | 2931.1 | 683680 
872356 | 814780504 | 30.5614! 9.7750 2.97035 | 1.07066 | 2934.2 | 685147 
874225 | 817400375 | 30.5778 | 9.7785 | 2.97081 1.06952 | 2937.4 | 686615 
876096 | 820025856 | 30.5941 | 9.7819 | 2.97128 1.06838 | 2940.5 | 688084 
877969 | 822656953 | 30.6105 | 9.7854 2.97174 | 1.06724 | 2943.7] 689555 
879844 | 825293672 | 30.6268 | 9.7889 2.97220 | 1.06610 | 2946.8 | 691028 
881721 | 827936019 | 30.6431 | 9.7924 | 2.97267 1.06496 | 2950.0 | 692502 
883600 | 830584000 | 30.6594 | 9.7959 2.97313 | 1.06383 | 2953.1 | 693978 
885481 | 833237621 | 30.6757 | 9.7993 2.97359 | 1.06270 | 2956.2 | 695455 
887364 | 835896888 | 30.6920 | 9.8028 2.97405 | 1.06157 | 2959.4 | 696934 
889249 | 838561807 | 30.7083 | 9.8063 2.97451 | 1.06045 | 2962.5 | 698415 
891136 | 841232384 | 30.7246 | 9.8097 2.97497 | 1.05932 | 2965.7 | 699897 
893025 | 843908625 | 30.7409 | 9.8132 2.97543 | 1.05820 | 2968.8 | 701380 
894916 | 846590536 | 30.7571 | 9.8167 2.97589 | 1.05708 | 2971.9 | 702865 
896809 | 849278123 | 30.7734 | 9.8901 2.97635 | 1.05597 | 2975.1 | 704352 
898704 | 851971392 | 30.7896 | 9.8236 2.97681 | 1.05485 | 2978.2 | 705840 
900601 | 854670349 | 30.8058 | 9.8270 2.97727 | 1.05374 | 2981.4! 707330 
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Functions or Numpers, 950 ro 999 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 


x 
Reciprocal 


No. = Diameter 


Circum. 


Area 


902500 
904401 
906304 
908209 
910116 
912025 
913936 
915849 
917764 
919681 


| 921600 


923521 
925444 
927369 
929296 
931225 
933156 
935089 
937024 
938961 


940900 
942841 
944784 
946729 
948676 
950625 
952576 
954529 
956484 
958441 


960400 
962361 
964324 
966289 
968256 
970225 
972196 
974169 
976144 
978121 


980100 
982081 
984064 
986049 
988036 
990025 
992016 
994009 
996004 
998001 


857375000 
860085351 
862801408 
865523177 
868250664 
870983875 
873722816 
876467493 
879217912 
881974079 


884736000 
887503581 
890277128 
893056347 
895841344 
898632125 
901428696 
904231063 
907039232 
909853209 


912673000 
915498611 
918330048 
921167317 
924010424 
926859375 
929714176 
932574833 
935441352 
938313739 


941192000 
944076141 
946966168 
949862087 
952763904 
955671625 
958585256 
961504803 
964430272 
967361669 


970299000 
973242271 
976191488 
979146657 
982107784 
985074875 
988047936 
991026973 
994011992 
997002999 


30.8221 
30.8383 
30.8545 
30.8707 
30.8869 
30.9031 
30.9192 
30.9354 
30.9516 
30.9677 


30.9839 
31.0000 
31.0161 
31.0322 
31.0483 
31,0644 
31.0805 
31.0966 
31.1127 
31.1288 


31.1448 
31.1609 
BM ol PAG) 
31.1929 
31.2090 
31.2250 
31.2410 
31.2570 
31.2730 
31.2890 


31.3050 
31.3209 
31.3369 
31.3528 
31.3688 
31.3847 
31.4006 
31.4166 
31.4325 
31.4484 


31.4643 
31.4802 
31.4960 
31.5119 
31.5278 
31.5436 
31.5595 
31.5753 
31.5911 
31.6070 


9.8305 
9.8339 
9.8374 
9.8408 
9.8443 
9.8477 
9.8511 
9.8546 
9.8580 
9.8614 


9.8648 
9.8683 
9.8717 
9.8751 
9.8785 
9.8819 
9.8854 
9.8888 
9.8922 
9.8956 


9.8990 
9.9024 
9.9058 
9.9092 
9.9126 
9.9160 
9.9194 
9.9227 
9.9261 
9.9295 


9.9329 
9.9363 
9.9396 
9.9430 
9.9464 
9.9497 
9.9531 
9.9565 
9.9598 
9.9632 


9.9666 
9.9699 
9.9733 
9.9766 
9.9800 
9.9833 
9.9866 
9.9900 
9.9933 
9.9967 


Meee nn ne earn EEEEIEEIIEISESESIISIII EEE! 


419 


2.97772 
2.97818 
2.97864 
2.97909 
2.97955 
2.98000 
2.98046 
2.98091 
2.98137 
2.98182 


2.98227 
2.98272 
2.98318 
2.98363 
2.98408 
2.98453 
2.98498 
2.98543 
2.98588 
2.98632 


2.98677 
2.98722 
2.98767 
2.98811 
2.98856 
2.98900 
2.98945 
2.98989 
2.99034 
2.99078 


2.99123 
2.99167 
2.99211 
2.99255 
2.99300 
2.99344 
2.99388 
2.99432 
2.99476 
2.99520 


2.99564 
2.99607 
2.99651 
2.99695 
2.99739 
2.99782 
2.99826 
2.99870 
2.99913 
2.99957 


1.05263 
1.05152 
1.05042 
1.04932 
1.04822 
1.04712 
1.04603 
1.04493 
1.04384 
1.04275 


1.04167 
1.04058 
1.03950 
1.03842 
1.03734 
1.03627 
1.03520 
1.03413 
1.03306 
1.03199 


1.03093 
1.02987 
1.02881 
1.02775 
1.02669 
1.02564 
1.02459 
1.02354 
1.02249 
1.02145 


1.02041 
1.01937 
1.01833 
1.01729 
1.01626 
1.01523 
1.01420 
1.01317 
1.01215 
1.01112 


1.01010 
1.00908 
1.00806 
1.00705 
1.00604 
1.00503 
1.00402 
1.00301 
1.00200 
1.00100 


2984.5 
2987.7 
2990.8 
2993.9 
ZOO Te 
3000.2 
3003.4 
3006.5 
3009.6 
3012.8 


3015.9 
3019.1 
3022.2 
3025.4 
3028.5 
3031.6 
3034.8 
3037.9 
3041.1 
3044.2 


3047.3 
3050.5 
3053.6 
3056.8 
3059.9 
3063.1 
3066.2 
3069.3 
3072.5 
3075.6 


3078.8 
3081.9 
3085.0 
3088.2 
3091.3 
3094.5 
3097.6 
3100.8 
3103.9 
3107.0 


3110.2 
3113.3 
3116.5 
3119.6 
3122.7 
3125.9 
3129.0 
3132.2 
3135.3 
3138.5 


708822 
710315 
711809 
713306 
714803 
716303 
717804 
719306 
720810 
722316 


723823 
725332 
726842 
728354 
729867 
731382 
732899 
734417 
735937 
737458 


738981 
740506 
742032 
743559 
745088 
746619 
748151 
749685 
751221 
752758 


754296 
755837 
757378 
758922 
760456 
762013 
763561 
765111 
766662 
768214 


769769 
771325 
772882 
774441 
776002 
777564 
779128 
780693 
782260 
783828 


CARNEGIE STEEL COMPANY 


NATURAL TRIGONOMETRIC FUNCTIONS 


g SINES g 
th == g 
a 0’ 10’ 20’ 30/ 40’ 50’ 60! 8 
0 | 0.00000 | 0.00291 | 0.00582 | 0.00873 | 0.01164 | 0.01454! 0.01745 | 89 
1 | 0.01745 | 0.02036 | 0.02327 | 0.02618 | 0.02908 | 0.03199 | 0.03490 | 88 
2 | 0.03490 | 0.03781 | 0.04071 | 0.04362 | 0.04653 | 0.04943 | 0.05234 | 87 
3 | 0.05234 | 0.05524 | 0.05814 | 0.06105 | 0.06395 | 0.06685 | 0.06976 | 86 
4 | 0.06976 | 0.07266 | 0.07556 0.07846 0.08136 | 0.08426 | 0.08716 | 85 
5 | 0.08716 | 0.09005 | 0.09295 | 0.09585 | 0.09874 | 0.10164 0.10453 | 84 
6 | 0.10453 / 0.10742] 0.11031 | 0.11320 | 0.11609 | 0.11898 | 0.12187 | 83 
7 | 0.12187 | 0.12476 | 0.12764 | 0.13053 | : 0.13629| 0.13917] 82 
8 | 0.13917 | 0.14205 | 0.14493 | 0.147 | 0.15356 | 0.156434 81 
9 | 0.15643 | 0.15931 | 0.16218 | 0.165 0.17078 | 0.17365 | 80 
10 | 0.17365 | 0.17651 | 0.17937 | 0.182: : 0.18795 | 0.19081 | 79 
11 | 0.19081 | 0.19366 | 0.19652 | 0.199 : 0.20507 | 0.20791 | 78 
12 | 0.20791 | 0.21076 | 0.21360 | 0.216 ts 0.22212 | 0.22495 | 77 
13 | 0.22495 | 0.22778 | 0.23062 | 0.23345 | 0.23627 | 0.23910 | 0.24192 | 76 
14 | 0.24192 | 0.24474 | 0.24756 | 0.25038 | 0.25320 | 0.25601 | 0.25882 | 75 
15 | 0.25882 | 0.26163 | 0.26443 | 0.26724 | 0.27004 | 0.27284 | 0.27564 | 74 
16 | 0.27564 | 0.27843 | 0.28123 | 0.28402 | 0.28680 | 0.28959 | 0.29237 | 73 
17 | 0.29237 | 0.29515 | 0.29793 | 0.30071 | 0.30348 | 0.30625 | 0.30902 | 72 
18 | 0.30902 | 0.31178 | 0.31454 | 0.31730 | 0.32006 | 0.32282 | 0.32557 | 71 
19 | 0.32557 | 0.32832 | 0.33106 | 0.33381 | 0/33655 | 0.33929 | 0.34202 | 70 
20 | 0.34202 | 0.34475 | 0.34748 | 0.35021 | 0.35293 | 0.35565 | 0.35837] 69 
21 | 0.35837 | 0.36108 | 0.36379 | 0.36650 | 0.36921 | 0.37191 | 0.37461 | 68 
22 | 0.37461 | 0.37730 | 0.37999 | 0.38268 | 0.38537 | 0.38805 | 0.39073 | 67 
23 | 0.39073 | 0.39341 | 0.39608 | 0.39875 | 0.40142 | 0.404084 0.40674 66 
24 | 0.40674 | 0.40939 | 0.41204 | 0.41469 | 0.41734 | 0.41998 | 0.42262] 65 
25 | 0.42262 | 0.42525 | 0.42788 | 0.43051 | 0.43313 | 0.43575 | 0.48837] 64 
26 | 0.43837 | 0.44098 | 0.44359 | 0.44620 | 0.44880 | 0.45140| 0.45399 | 63 
27 | 0.45399 | 0.45658 | 0.45917 | 0.46175 | 0.46433 | 0.46690 | 0.46947 | 62 
28 | 0.46947 | 0.47204 | 0.47460 | 0.47716 | 0.47971 | 0.48226 | 0.48481 | 61 
29 | 0.48481 | 0.48735 | 0.48989 | 0.49242 | 0.49495 | 0.49748 | 0.50000! 60 
30 | 0.50000 | 0.50252 | 0.50503 | 0.50754 | 0.51004 | 0.51254/| 0.51504 59 
31 | 0.51504 | 0.51753 | 0.52002 | 0.52250 | 0.52498 | 0.52745 | 0.52992 | 58 
32 | 0.52992 | 0.53238 | 0.53484 | 0.53730 | 0.53975 | 0.54220 | 0.54464 | 57 
33 | 0.54464 | 0.54708 | 0.54951 | 0.55194. | 0.55436 | 0.55678 | 0.55919 | 56 
34 | 0.55919 | 0.56160 | 0.56401 | 0.56641 | 0.56880 | 0.57119 | 0.57358 | 55 
35 | 0.57358 | 0.57596 | 0.57833 | 0.58070 | 0.58307 | 0.58543 | 0.58779 | 54 
36 | 0.58779 | 0.59014 | 0.59248 | 0.59482 | 0.59716 | 0.59949 | 0.60182 | 53 
37 | 0.60182 | 0.60414 | 0.60645 | 0.60876 | 0.61107 | 0.61337 | 0.61566| 52 
38 | 0.61566 | 0.61795 | 0.62024 | 0.62251 | 0.62479 | 0.62706 | 0.62932 | 51 
39 | 0.62932 | 0.63158 | 0.63383 | 0.63608 | 0.63832 | 0.64056 | 0.64279 | 50 
40 | 0.64279 | 0.64501 | 0.64723 | 0.64945 | 0.65166 | 0.65386 | 0.65606 | 49 
41 | 0.65606 | 0.65825 | 0.66044 | 0.66262 | 0.66480 | 0.66697 | 0.66913 | 48 
42 | 0.66913 | 0.67129 | 0.67344 | 0.67559 | 0.67773 | 0.67987 | 0.62200 | 47 
43 | 0.68200 | 0.68412 | 0.68624 | 0.68835 | 0.69046 | 0.69256! 0.69466 | 46 
44 | 0.69466 | 0.69675 | 0.69883 | 0.70091 | 0.70298 | 0.70505 | 0.70711 |; 45 
| y 

0 60! 50’ 40’ 30’ | 207 10’ 0! 2 
= oO 
a bp 
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3 COSINES g 
E : E 
A 0’ 10’ 20’ 30/ 40! 50’ 60’ % 
9 | 1.00000 | 1.00000 | 0.99998 | 0.99996 | 0.99993 | 0.99989 | 0.99985| 89 
1 | 0.99985 | 0.99979 | 0.99973 | 0.99966 | 0.99958 | 0.99949 | 0.99939| 88 
2 | 0.99939 | 0.99929 | 0.99917 | 0.99905 | 0.99892 | 0.99878 | 0.99863 | 87 
3 | 0.99863 | 0.99847 | 0.99831 | 0.99813 | 0.99795 | 0.99776 | 0.99756| 86 
4 | 0.99756 | 0.99736 | 0.99714 | 0.99692 | 0.99668 | 0.99644 | 0.99619) 85 
5 | 0.99619 | 0.99594 | 0.99567 | 0.99540 | 0.99511 | 0.99482 | 0.99452| 84 
6 | 0.99452 | 0.99421 | 0.99390 | 0.99357 | 0.99324 | 0.99290 | 0.99255 | 83 
7 | 0.99255 | 0.99219 | 0.991832 | 0.99144 | 0.99106 | 0.99067 | 0.99027| 82 
8 | 0.99027 | 0.98986 | 0:98944 | 0.98902 | 0.98858 | 0.98814 | 0.98769| 81 
9 | 0.98769 | 0.98723 | 0.98676 | 0.98629 | 0.98580 | 0.98531 | 0.98481] 80 
10 | 0.98481 | 0.98430 | 0.98378 | 0.98325 | 0.98272 | 0.98218 | 0.98163| 79 
11 | 0.98163 | 0.98107 | 0.98050 | 0.97992 | 0.97934 | 0.97875 | 0.97815] 78 
12 | 0.97815 | 0.97754 | 0.97692 | 0.97630 | 0.97566 | 0.97502 | 0.97437 | 77 
13 | 0.97437 | 0.97371 | 0.97304 | 0.97237 | 0.97169 | 0.97100 | 0.97030] 76 
14 | 0.97030| 0.96959 | 0.96887 | 0.96815 | 0.96742 | 0.96667 | 0.96593| 75 
15 | 0.96593 | 0.96517 | 0.96440 | 0.96363 | 0.96285 | 0.96206 | 0.96126] 74 
16 | 0.96126 | 0.96046 | 0.95964 | 0.95882 | 0.95799 | 0.95715 | 0.95630| 73 
17 | 0.95630 | 0.95545 | 0.95459 | 0.95372 | 0.95284 | 0.95195 | 0.95106] 72 
18 | 0.95106 | 0.95015 | 0.94924 | 0.94832 | 0.94740 | 0.94646 | 0.94552| 71 
19 | 0.94552 | 0.94457 | 0.94361 | 0.94264 | 0.94167 | 0.94068 | 0.93969| 70 
20 | 0.93969 | 0.93869 | 0.93769 | 0.93667 | 0.93565 | 0.93462 | 0.93358] 69 
21. | 0.93358 | 0.93253 | 0.93148 | 0.93042 | 0.92935 | 0.92827 | 6.92718] 68 
32 | 0.92718 | 0.92609 | 6.92499 | 0.92388 | 0.92276 | 0.92164 | 0.92050] 67 
23. | 0.92050 | 0.91936 | 0.91822 | 0.91706 | 0.91590 | 0.91472 | 0.91355| 66 
24 | 0.91355 | 0.91236 | 0.91116 | 0.90996 | 0.90875 | 0.90753 | 0.90631| 65 
25 | 0.90631 | 0.90507 | 0.90383 | 0.90259 | 0.90133 | 0.90007 | 0.89879] 64 
36 | 0.89879 | 0.89752 | 0.89623 | 0.89493 | 0.89363 | 0.89232] 0.89101] 63 
27 | 0.89101 | 0.88968 | 0.88835 | 0.88701 | 0.88566 | 0.88431 | 0.88295] 62 
28 | 0.88295 | 0.88158 | 0.88020 | 0.87882 | 0.87743 | 0.87603 | 0.87462] 61 
290 | 0.87462 | 0.87321 | 0.87178 | 0.87036 | 0.86892 | 0.86748 | 0.86603! 60 
30 | 0.86603 | 0.86457 | 0.86310 | 0.86163 | 0.86015 | 0.85866 | 0.85717| 59 
31 | 0.85717 | 0.85567 | 0.85416 | 0.85264 | 0.85112} 0.84959 | 0.84805| 58 
32 | 0.84805 | 0.84650 | 0.84495 | 0.84339 | 0.84182 | 0.84025 | 0.83867 | 57 
33 | 0.83867 | 0.83708 | 0.83549 | 0.83389 | 0.83228 | 0.83066 | 0.82904] 56 
34 | 0.82904 | 0.82741 | 0.82577 | 0.82413 | 0.82248 | 0.82082 | 0.81915] 55 
35 | 0.81915 | 0.81748 | 0.81580 | 0.81412 | 0.81242 | 0.81072 | 0.80902] 54 
36 | 0.80902 | 0.80730 | 0.80558 | 0.80386 | 0.80212 | 0.80038 | 0.79864 | 53 
37 | 0.79864 | 0.79688 | 0.79512 | 0.79335 | 0.79158 | 0.78980 | 0.78801] 52 
38 | 0.78801 | 6.78622 | 0.78442 | 0.78261 | 0.78079 | 0.77897 | 0.77715} 51 
39 | 0.77715 | 0.77531 | 0.77347 | 0.77162 | 0.76977 | 0.76791 | 0.76604 50 
40 | 0.76604| 0.76417 | 0.76229 | 0.76041 | 0.75851 | 0.75661 | 0.75471| 49 
41 | 0.75471 | 0.75280 | 0.75088 | 0.74896 | 0.74703 | 0.74509 | 0.74314| 48 
42 | 0.74314 | 0.74120 | 0.73924 | 0.73728 | 0.73531 | 0.73333 | 0.73135 | 47 
43 | 0.73135 | 0.72937 | 0.72737 | 0.72537 | 0.72337 | 0.72136 | 0.71934| 46 
44 | 0.71934 | 0.71732 | 0.71529 | 0.71325 | 0.71121 | 0.70916 | 0.70711; 45 
60’ 50! 40’ 307 20° 10’ 0 4 
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TANGENTS 


Degrees 


Cotangents 


0’ 20’ | 30’ | 60/ 
| | | 


0.00000 | 0. 0.00582 0.00873 | 0.01164 | 0.01455 | 0.01746 
0.01746 | 0.02036 | 0.02328 | 0.02619 | 0.02910 | 0.03201 | 0.03492 
0.03492 | 0.03783 | 0.04075 | 0.04366 | 0.04658 | 0.04949 | 0.05241 
0.05241 | O. 0.05824 | 0.06116 | 0.06408) 0.06700 | 0.06993 
0.06993 | 0. 0.07578 | 0.07870 | 0.08163 | 0.08456 | 0.08749 


0.08749 | 0. .09335 | 0.09629 | 0.09923 | 0.10216 | 0.10510 
0.10510 0.11983 | 0.12278 
0.12278 0.13758 | 0.14054 
0.14054 0.15540 | 0.15838 
0.15838 0.17333 | 0.17633 


0.17633 0.19136 | 0.19438 

52 | 0.21256 
0.23087 
0.24933 
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NATURAL TRIGONOMETRIC FUNCTIONS 


$ COTANGENTS 
3 E 
a 0’ 10/ 20° 30’ 40/ 50/ 60/ & 
0 ®  |343.77371/171.88540|114.58865/85.93979168.75009157.28996| 89 
1 |57.28996) 49.10388) 42.96408| 38.18846134.36777131.2415828.63625| 88 
2 |28.63625] 26.43160) 24.54176] 22.90377|21.4704020.2055519.08114| 87 
3 |19.08114] 18.07498| 17.16934| 16.34986115.60478 14.92442/14.30067| 86 
4 |14.30067| 13.72674| 13.19688] 12.70621|12.25051/11.82617|11.43005| 85 
5 |11.43005| 11.05943] 10.71191) 10.38540/10.07803] 9.78817] 9.51436) 34 
6 | 9.61436] 9.25530] 9.00983] 8.77689] 8.55555] 8.34496] 8.14435] 33 
7 | 8.14435) 7.95302] 7.77035] 7.59575] 7.42871] 7.26873] 7.11537] 82 
8 | 7.11537] 6.96823] 6.82694] 6.69116] 6.56055| 6.43484] 6.31375] 31 
9 | 6.31375] 6.19703) 6.08444] 5.97576] 5.87080! 5.76937| 5.67128] 80 
10 | 5.67128! 5.57638] 5.48451) 5.39552] 5.30928] 5.22566] 5.14455! 79 
11 | 5.14455] 5.06584) 4.98940] 4.91516] 4.84300] 4.77286] 4.70463] 78 
12 | 4.70463] 4.63825) 4.57363] 4.51071] 4.44942] 4.38969] 4.33148] 77 
13 | 4.33148} 4.27471) 4.21933] 4.16530] 4.11256] 4.06107] 4.01073] 76 
14 | 4.01078] 3.96165] 3.91364] 3.86671| 3.82083] 3.77595] 3.73205] 75 
15 | 3.73205] 3.68909) 3.64705] 3.60588] 3.56557| 3.52609] 3.48741] 74 
16 | 3.48741] 3.44951) 3.41236] 3.37594| 3.34023] 3.30521] 3.27085] 73 
17 | 3.27085] 3.23714) 3.20406] 3.17159] 3.13972] 3.10842] 3.07768] 72 
18 | 3.07768} 3.04749} 3.01783] 2.98869] 2.96004] 2.93189] 2.90421] 71 
19 | 2.90421) 2.87700) 2.85023) 2.82391) 2.79802] 2.77254] 2.74748] 70 
20 | 2.74748) 2.72281] 2.69853] 2.67462] 2.65109] 2.62791) 2.60509] 69 
21 | 2.60509) 2.58261) 2.56046] 2.53865] 2.51715] 2.49597| 2.47509] 68 
22 | 2.47509] 2.45451| 2.43422) 2.41421] 2.39449] 2.37504] 2.35585] 67 
23 | 2.35585] 2.33693] 2.31826] 2.29984] 2.28167] 2.26374] 2.24604] 66 
24 | 2.24604) 2.22857/ 2.21132} 2.19430) 2.17749] 2.16090] 2.14451] 65 
25 | 2.14451] 2.12832) 2.11233] 2.09654] 2.08094] 2.06553] 2.05030) 64 
26 | 2.05030| 2.03526| 2.02039) 2.00569) 1.99116] 1.97680| 1.96261] 63 
27 | 1.96261] 1.94858) 1.93470) 1.92098} 1.90741] 1.89400] 1.88073) 62 
28 | 1.88073} 1.86760] 1.85462] 1.84177] 1.82907] 1.81649] 1.80405] 61 
29 | 1.80405] 1.79174] 1.77955] 1.76749] 1.75556] 1.74375] 1.73205] 60 
30 | 1.73205} 1.72047) 1.70901] 1.69766] 1.68643] 1.67530] 1.66428) 59 
31 | 1.66428) 1.65337| 1.64256] 1.63185] 1.62125] 1.61074] 1.60033) 58 
32 | 1.60033) 1.59002} 1.57981] 1.56969} 1.55966] 1.54972] 1.53987) 57 
33 | 1.53987) 1.53016] 1.52043] 1.51084] 1.50133] 1.49190) 1.48256] 56 
34 | 1.48256 1.47330| 1.46411) 1.45501) 1.44598] 1.43703] 1.42815] 55 
35 | 1.42815] 1.41934] 1.41061) 1.40195) 1.39336] 1.38484) 1.37638) 54 
36 | 1.37638] 1.36800) 1.35968) 1.35142) 1.34323) 1.33511| 1.32704| 53 
37 | 1.32704) 1.31904] 1.31110] 1.30323} 1.29541] 1.28764] 1.27994| 52 
38 | 1.27994) 1.27230] 1.26471] 1.25717] 1.24969] 1.24227] 1.23490) 51 
39 | 1.23490] 1.22758] 1.22031] 1.21310) 1.20593] 1.19882] 1.19175] 50 
40 | 1.19175| 1.18474) 1.17777] 1.17085] 1.16398] 1.15715] 1.15037] 49 
41 | 1.15037! 1.14363| 1.13694) 1.13029] 1.12369) 1.11713] 1.11061] 48 
42 | 1.11061/ 1.10414} 1.09770] 1.09131] 1.08496, 1.07864) 1.07237, 47 
43 | 1.07237| 1.06613) 1.05994) 1.05378] 1.04766] 1.04158] 1.03553) 46 
44 | 1.03553] 1.02952) 1.02355) 1.01761] 1.01170) 1.00583] 1.00000, 45 
i} 
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CARNEGIE STEEL COMPANY 


NATURAL TRIGONOMETRIC FUNCTIONS 


a 

g SECANTS 5 

& =) 

2 | 2 

A 0! 10/ 20/ 30’ | 40’ 50’ 60’ & 
0 | 1.00000 | 1.00000 | 1.00002 | 1.00004 | 1.00007 | 1.00011| 1.00015| 89 

1 | 1.00015 | 1.00021 | 1.00027 | 1.00034 | 1.00042 | 1.00051 | 1.00061| 88 

2 | 1.00061 | 1.00072 | 1.00083 | 1.00095 | 1.00108 | 1.00122 | 1.00137| 87 

3 | 1.00137 | 1.00153 | 1.00169 | 1.00187 | 1.00205 | 1.00224 | 1.00244] 86 

4 | 1.00244] 1.00265 | 1.00287 | 1.00309 | 1.00333 | 1.00357 | 1.00382| 85 

5 | 1.00382 | 1.00408 | 1.00435 | 1.00463 | 1.00491 | 1.00521 | 1.00551| 34 

6 | 1.00551 | 1.00582 | 1.00614 | 1.00647 | 1.00681 | 1.00715| 1.00751| 83 

7 | 1.00751 | 1.00787 | 1.00825 | 1.00863 | 1.00902 | 1.00942 | 1.00983| 82 

8 | 1.00983 | 1.01024 | 1.01067 | 1.01111 | 1.01155) 1.01200) 1.01247| 81 

9 | 1.01247 | 1.01294) 1.01342 | 1.01391 | 1.01440] 1.01491 | 1.01543 80 

10 | 1.01543] 1.01595 | 1.01649 | 1.01703 | 1.01758 | 1.01815 | 1.01872| 79 
1L | 1.01872] 1.01930] 1.01989 | 1.02049 | 1.02110) 1.02171 | 1.02234| 78 
12 | 1.02234 | 1.02298 | 1.02362 | 1.02428 | 1.02494 | 1.02562 | 1.02630| 77 
13 | 1.02630] 1.02700 | 1.02770] 1.02842 | 1.02914! 1.02987 | 1.03061| 76 
14 | 1.03061 | 1.03137] 1.03213 | 1.03290 | 1.03368 | 1.03447 | 1.03528| 75 
15 | 1.03528] 1.03609 | 1.03691 | 1.03774 | 1.03858 | 1.03944] 1.04030| 74 
16 | 1.04030] 1.04117 | 1.04206 | 1.04295 | 1.04385 | 1.04477| 1.04569| 73 
17 | 1.04569| 1.04663 | 1.04757 | 1.04853 | 1.04950| 1.05047 | 1.05146| 72 
18 | 1.05146 | 1.05246 | 1.05347] 1.05449 | 1.05552 | 1.05657 | 1.05762| 71 
19 | 1.05762 | 1.05869 | 1.05976 | 1.06085 | 1.06195 | 1.06306] 1.06418| 70 
20 | 1.06418] 1.06531 | 1.06645 | 1.06761 | 1.06878 | 1.06995 | 1.07115 | 69 
21 | 1.07115] 1.07235 | 1.07356 | 1.07479 | 1.07602 | 1.07727 | 1.07853 68 
22 | 1.07853 1.07981 | 1.08109 | 1.08239 | 1.08370! 1.08503] 1.08636! 67 
23 | 1.08636) 1.08771 | 1.08907 | 1.09044 | 1.09183 | 1.09323 | 1.09464! 66 
24 | 1.09464] 1.09606 | 1.09750 | 1.09895 | 1.10041 | 1.10189] 1.10338| 65 
25 | 1.10338] 1.10488 | 1.10640 | 1.10793 | 1.10947 | 1.11103| 1.11260| 64 
26 | 1.11260] 1.11419] 1.11579 | 1.11740] 1.11903 | 1.12067] 1.12233| 63 
Dy 1.12233 | 1.12400] 1.12568 | 1.12738] 1.12910] 1.13083 LAUS2b¢ 62 
28 | 1.13257] 1.13433] 1.13610] 1.13789 | 1.13970| 1.14152|1.14335| 61 
29 | 1.14335 | 1.14521 | 1.14707 | 1.14896 | 1.15085 | 1.15277| 1.15470! 60 
30 | 1.15470] 1.15665 | 1.15861 | 1.16059] 1.16259| 1.16460] 1.16663| 59 
31 | 1.16663] 1.16868 | 1.17075 | 1.17283 | 1.17493 | 1.17704| 1.17918| 58 
32 | 1.17918 | 1.18133 | 1.18350] 1.18569 | 1.18790] 1.19012] 1.19236] 57 
33 | 1.19236 | 1.19463 | 1.19691 | 1.19920| 1.20152 | 1.20386 | 1.20622| 56 
34 | 1.20622| 1.20859] 1.21099 | 1.21341 | 1.21584 | 1.21830] 1.22077| 55 
35 | 1.22077 | 1.22327 | 1.22579 | 1.22833] 1.23089 | 1.23347] 1.23607] 54 
36 | 1.23607 | 1.23869 | 1.24134] 1.24400] 1.24669 | 1.24940| 1.25214| 53 
37 | 1.25214] 1.25489 | 1.25767 | 1.26047 | 1.26330] 1.26615 | 1.26002| 52 
38 | 1.26902 | 1.27191 | 1.27483 | 1.27778 | 1.28075 | 1.28374] 1_28676| 51 
39 | 1.28676] 1.28980 | 1.29287 | 1.29597 | 1.29909 | 1.30223 | 1.30541 | 50 
40 | 1.30541 | 1.30861 | 1.31183 | 1.31509 | 1.31837 | 1.32168 | 1.32501| 49 
41 | 1.32501] 1.32838 | 1.33177 | 1.33519 | 1.33864| 1.342121 1.34563| 48 
42 | 1.34563 | 1.34917 | 1.35274 | 1.35634 | 1.35997 | 1.36363 | 1.36733| 47 
43 | 1.36733 | 1.37105 | 1.37481 | 1.37860 | 1.38242 | 1.38628] 1.39016| 46 
44 | 1.39016) 1.39409 | 1.39804 | 1.40203 | 1.40606 | 1.41012] 1.41491| 45 
2 60’ 50’ 40’ 30’ 20’ 10’ 0’ 2 
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x COSECANTS a 


424 


MATHEMATICAL TABLES 


NATURAL TRIGONOMETRIC -FUNCTIONS 


g COSECANTS 2 
x = 
By § 
a 0’ Oe 20’ 30’ 40’ 50’ | 607 w 
a) ©  |343.77516|171.88831]114.59301/85.94561/68.75736157.29869) 89 
1 157.29869] 49.11406] 42.97571| 38.2015534.38232)31.2575828.65371] 88 
2 128.65371| 26.45051| 24.56212) 22.92559'21.49368|20.23028)19.10732| 87 
3 |19.10732| 18.10262] 17.19843] 16.3 3804 1/15.63679114.95788 14.33559| 86 
4 |14.33559| 13.76312| 13.23472) 12.74550/12.29125|11.86837/11.47371| 85 
5 |11.47371) 11.10455| 10.75849) 10.43343/10.12752) 9.83912] 9.56677] 84 
6 | 9.56677] 9.30917) 9.06515) 8.83367] 8.61379] 8.40466] 8.20551] 83 
7 | 8.20551| 8.01565) 7.83443) 7.66130] 7.49571] 7.33719] 7.18530] 82 
8 | 7.18530| 7.03962] 6.89979) 6.76547| 6.63633) 6.51208] 6.39245] 81 
9 | 6.39245] 6.27719] 6.16607) 6.05886) 5.95536) 5.85539] 5.75877) 80 
10 | 5.75877] 5.66533) 5.57493] 5.48740] 5.40263] 5.32049] 5.24084] 79 
11 | 5.24084) 5.16359} 5.08863! 5.01585] 4.94517| 4.87649] 4.80973] 78 
12 | 4.80973| 4.74482] 4.68167| 4.62023] 4.56041) 4.50216) 4.44541] 77 
13 | 4.44541] 4.39012) 4.33622) 4.28366] 4.23239] 4.18238] 4.13357| 76 
14 | 4.13357] 4.08591] 4.03938] 3.99393) 3.94952] 3.90613] 3.86370] 75 
15 | 3.86370| 3.82223) 3.78166] 3.74198] 3.70315] 3.66515) 3.62796) 74 
16 | 3.62796 3.59154| 3.55587| 3.52094| 3.48671| 3.45317] 3.42030) 73 
17 | 3.42030) 3.38808| 3.35649| 3.32551) 3.29512| 3.26531) 3.23607] 72 
18 | 3.23607] 3.20737| 3.17920| 3.15155) 3.12440) 3.09774) 3.07155) 71 
19 | 3.07155] 3.04584) 3.02057| 2.99574| 2.97135] 2.94737] 2.92380) 70 
20 | 2.92380] 2.90063] 2.87785) 2.85545) 2.83342] 2.81175] 2.79043) 69 
91 | 2.79043| 2.76945] 2.74881) 2.72850) 2.70851) 2.68884, 2.66947| 68 
22 2.66947| 2.65040) 2.63162) 2.61313) 2.5949) 2.57698) 2.55930) 67 
93 | 2.55930} 2.54190) 2.52474) 2.50784) 2.49119] 2.47477| 2.45859) 66 
94 | 2.45859] 2.44264] 2.42692] 2.41142) 2.39614) 2.38107) 2.36620] 65 
25 | 2.36620] 2.35154) 2.33708] 2.32282) 2.30875) 2.29487/ 2 28117| 64 
26 | 2.28117] 2.26766] 2.25432] 2.24116] 2.22817] 2.21535) 2.20269] 63 
37. | 2.20269] 2.19019) 2.17786] 2.16568) 2.15366) 2.14178} 2.13005) 62 
98 | 2.13005} 2.11847| 2.10704) 2.09574] 2.08458] 2.07356] 2.06267] 61 
39 | 2.06267) 2.05191) 2.04128) 2.03077] 2.02039) 2.01014) 2.00000] 60 
30 | 2.00000) 1.98998] 1.98008) 1.97029) 1.96062) 1.95106) 1.94160) 59 
31 | 1.94160! 1.93226 1.92302) 1.91888] 1.90485) 1.89591] 1.88709] 58 
32 | 1.88708) 1.87834] 1.86970) 1.86116] 1.85271] 1.84435) 1.83608) 57 
33 | 1.83608] 1.82790] 1.81981) 1.81180} 1.80388] 1.79604) 1.78829) 56 
34 | 1.78829| 1.78062| 1.77303] 1.76552) 1.75808] 1.75073) 1.74345) 55 
35 | 1.74345] 1.73624] 1.72911] 1.72205] 1.71506] 1.70815] 1.70130) 54 
36 | 2.70130 1.69452| 1.68782] 1.68117) 1.67460} 1.66809) 1.66164) 53 
37 | 1.66164) 1.65526] 1.64894] 1.64268) 1.63648) 1.63035) 1.62427) 52 
38 | 1.62427) 1.61825] 1.61229] 1.60639] 1.60054) 1.59475) 1.58902) 51 
39 | 1.58902] 1.58333| 1.57771) 1.57213) 1.56661) 1.56114) 1.55572) 50 
40 | 1.55572) 1.55036| 1.54504) 1.53977) 1.53455) 1.52938) 1.52425) 49 
41 | 1.52425) 1.51918] 1.51415) 1.50916) 1.50422) 1.49933) 1.49448) 48 
42 | 1.49448) 1.48967| 1.48491) 1.48019) 1.47551] 1.47087] 1.46628) 47 
43 | 1.46628] 1.46173) 1.45721 1.45274 1.44831| 1.44391] 1.43956] 46 
44 | 1.43956 1.43524) 1.43096] 1.42672) 1.42251] 1.41835) 1.41421) 45 
2 | 60’ 50’ 40’ 30’ 20’ 10’ 0’ 3 
& SECANTS a) 


CARNEGIE STEEL COMPANY 


BIRMINGHAM WIRE GAGE 
EQUIVALENTS IN INCHES 
CoRRESPONDING WEIGHTS OF Fiat Roxuuep STEEL 


Gave rhiokmess, Pounds | Thickness, Inches eee 
pomees Tnehts Ssuae F ‘oot Fractional Decimal ins Foot 
eee ee aie eee | \% 5 20.4 
0000 454 18.5232 | 15 46875 19.125 
000 425 Wied | ve 4375 17.85 
See ee 13 .40625 16.575 
00 380 15.504 % 875 15.3 
0 340 13.872 Pt 34375 14.025 
A ee | De RS $5 3125 12.75 
1 .300 12.24 | 13 296875 12.1125 
2 284 11.5872 || ih -28125 11.475 
3 .259 10.5672 | az 265625 10.8375 
ata Soh wed Nie ere iy 25 10.2 
4 238 9.7104 48 .234375 9.5625 
5 220 8.976 fk .21875 8.925 
6 203 8.2824 B -203125 8.2875 
ie 180 7.344 ae 1875 7.65 
8 165 6.732 ah .171875 7.0125 
9 .148 6.0384 os 15625 6.375 
10 .134 5.4672 & .140625 5.7375 
11 .120 4.896 \ 125 5.1 
12 109 4.4472 | ve .109375 4.4625 
13 095 3.876 & .09375 3.825 
14 083 3.3864 ee .078125 3.1875 
a5 072 PACE YOM Me MERE) Maal Se Pea cate Uliana i oo! 
16 065 2.652 ts 0625 2.55 
17 058 2.3664 Steed) Mille, seoesaeechs sche: 2 am ee ee Eee 
18 049 1.9992 ee 046875 1.9125 
i) 042 1.7136 Rel cere Pull a tet 
20 035 1.428 AD ie AAR Sole SOR Mae 
21 032 1.3056 Je 03125 1275 
22 028 1.1424 Sour al |||" ° Sater ire nn eee 
23 025 1.02 RC cn Lederer ee UI) eee ba 
24 022 OLS OTC maT oP pece, cal Mi ueitee tte alte eee 
25 020 OFSTG ‘aie Pee ae TP es eck aa ee ee ae 
26 018 0.7344 Se Ror iene ae Wl Pee one 
27 016 0.6528 ak 015625 0.6375 
28 014 O15 722 So OU ie Bact ey etatoaml eee eee 
29 013 O:SSOA Sy eee) tl Geer es en eee 
30 .012 UR oS Sae te Mee me ste ee eee ol eS oe 
31 .010 OOS ie adil rk a ete ee (leer ae 
32 .009 0.3672 Omen Wc e te ul earn ar 
33 .008 0.3264 rhe .0078125 0.31875 
34 .007 0.2856 Dee Blinc ate ol keene 
35 -005 0.2040 SOME A preeeren ee A beeen Oe 
36 .004 0.1632 ln -00390625 0.159375 


Unless otherwise specified, all orders for fat rolled steel in gages will be executed by Carnegie 
Steel Company to Birmingham Wire Gage. is a 
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MEASURES AND WEIGHTS 


UNITED STATES STANDARD GAGE 


For 


SHEET AND PLate IRoN AND STEEL 


Approximate Thickness 


Weight per | Weight per 78 
moe Square Foot, | Square Foot, me eight per 
umber | fractional Decimal ai Ounces, Bouma, (pouaelseter, 
Inches Inches Millimeters Avoirdupois | Avoirdupois Kilograms 
0000000 es 58) 12.7 320 20.00 97 
000000 32 46875 11.90625 300 18.75 eee 
00000 vs 4375 ge Be ss 280 17.50 85.44 
0000 33 40625 10.31875 260 16.25 79.33 
000 /8 375 9.525 240 15.00 73.24 
(00) 33 34375 8.73125 220 13.75 Ovels 
(8) 19 3125 7.9375 200 12.50 61.03 
1 35 .28125 7.14375 180 £1.20 54.93 
2 at -265625 6.746875 170 10.625 51.88 
3 4 25 6.35 160 10.00 48.82 
4 64 .234375 5.953125 150 9.375 45.77 
5 ae 21875 5.55625 140 8.75 42.72, 
6 rs 203125 5.159375 130 8.125 39.67 
7 16 SL So 4.7625 120 7.50 36.62 
8 az 171875 4.365625 110 6.875 Dol 
9 35 15625 3.96875 100 6.25 30.52 
10 Gx 140625 3.571875 90 5.625 27.46 
11 4% 125 _ Sule 80 5.00 24.41 
12 BE 109375 2.778125 70 4.375 21.36 
13 oe 09375 2.38125 60 SUD 18.31 
14 er .078125 1.984375 50 3.125 15.26 
15 iss .0703125 1.7859375 45 2.8125 T3413 
16 za .0625 1.5875 40 2.50 12.21 
ity z80 05625 1.42875 36 2.25 10.99 
18 ay 105 L.27 32 2.00 9.765 
ie) || ee 04375 1.11125 28 1.75 8.544 
20 26 0375 9525 24 1.50 7.324 
21 Bly 034375 873125 22 aa, O73 
221) ae 03125 793750 20 1.25 6.103 
23 | 380 028125 .7143875 18 125 5.493 
24 av 025 635 16 1.00 4,882 
25 | 350 021875 555625 14 875 4.272 
26 eo 01875 47625 12 eefeal 3.662 
i ots 0171875 -4365625 il .6875 3.000 
28 ea -015625 396875 10 625 3.052 
29 aio .0140625 3571875 9 56625 2.746 
30 ao 0125 wlTS 8 .50 2.441 
31 Bi0 -0109375 2778125 a 4375 2.136 
32 rho .01015625 -25796875 61% 40625 1.983 
33 ao .009375 .238125 6 OD 1.831 
34 rh80 00859375 .21828125 5% .384375 1.678 
35 | si | .0078125 1984375 5 3125 1.526 
36 1380 .00703125 17859375 4% 28125 1.373 
aire xheo .006640625 168671875 4Alg -265625 1.297 
OB) | aie | 1),00625 15875 4 25 1,021 


The United States Standard Gage is a weight gage based upon the weights per square foot in 
ounces avoirdupois and approximate thickness based upon 480 pounds per cubic foot. 


In the practical use and application of the United States Standard Gage, a weight variation of 


21% per cent either way may be allowed. 


Unless otherwise specified, all orders for flat rolled steel in gages will be executed by Carnegie 
Steel Company to Birmingham Wire Gage. 
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CARNEGIE STEEL COMPANY 


STANDARD GAGES 


CoMPARATIVE TABLE 


Thickness in Decimals of an Inch 
eras 2 q 
2 © o | oO s Zo 3a 
ame He a2 Es a BES & 3 
Gage cee | EA | sae é BPG | gto 
Number gee ee = 8 s Ete Aah) 
Sean sow Sak 3 ae FQ 
oF a5 ae SBe E aor. sa 
Aono 5 a eee i Bae ies 
gU25 es) 8 § a 5 EZ sa 
fe las ays Ss 8 = aa) EI 
a -Q 3 E 5 8 
EI a ie 
< 
0000000 See lite whee seern .4900 Sosins LOOO ea omar eras 
000000 Scien -580000 4615 einieahs weG4 |)  aeies 
00000 eh .516500 .4305 -450 Aa II remeNc ai cecnt 
0000 454 -460000 3938 -400 SAO. ee geene nese 
000 425 409642 -3625 360 372 5000 
00 380 364796 3310 330 348 4452 
0 340 324861 3065 305 324 3964 
iL 300 289297 2830 285 300 3532 
2 284 257627 2625 265 276 .3147 
3 259 229423 2437 245 252 2804 
4 238 204307 2253 225 232 2500 
5 220 181940 2070 205 212 2225 
6 203 162023 1920 190 192 1981 
vg 180 144285 1770 175 176 1764 
8 165 128490 1620 160 160 1570 
9 148 114423 -1483 145 144 1398 
10 134 101897 .1350 130 128 1250 
ii 120 090742 .1205 I es 116 1113 
12 109 O80808 .1055 105 104 0991 
13 095 071962 0915 0925 092 0882 
14 083 064084 OSOO OSO06 OSO O785 
15 072 057068 0720 070 072 0699 
16 065 050821 0625 O61 064 0625 
ibe 058 045257 -0540 0525 056 0556 
18 049 040303 0475 045 048 0495 
19 042 035890 0410 040 040 0440 
20 035 031961 0348 035 036 0392 
21 032 -028462 03175 -031 032 0849 
22 028 -025346 0286 -028 .028 1038125 
23 .O2 022572 0258 -025 024 02782 
24 .022 020101 -0230 -0225 022 .02476 
25 -020 017900 -0204 -020 .020 02204 
26 018 015941 .0181 O18 018 -01961 
27 O16 014195 ROMS: O17 0164 -01745 
28 014 012641 .0162 016 0148 -015625 
29 013 -OL1257 -0150 015 0136 0139 
30 012 -010025 0140 014 0124 0123 
31 O10 008928 0132 -013 0116 -0110 
32 -009 -007950 0128 -012 0108 -0098 
33 .008 -007080 0118 AOiitat -0100 0087 
34 O07 -006305 0104 010 -0092 0077 
35 -005 -005615 -0095 -0095 0084 -0069 ~ 
36 004 -005000 .0090 -009 .0076 -0061 
37 cies -004453 0085 -0085 -0068 0054 
38 Stavens -003965 0080 -008 -0060 0048 
39 SCO 003531 -0075 0075 AOE ET ages 
40 arena -003144 -0070 007 OO435 wail aa eacee 


Unless otherwise specified, all orders for flat rolled steel in gages will be executed by Carnegie 
Steel Company to Birmingham Wire Gage. : 
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MEASURES AND WEIGHTS 


DECIMAL OF AN INCH AND OF A FOOT 


ae Ese 23 es 
Fractions (Sm 8 Fractions (S& 8] Fractions [388 Fractions 3 a 
0 Sos of Sos f So's Sop 
+ 3 [cosy io) Hes 0 Hyes 
Inch or Foot |.4 2 8] Inch or Foot |.4  &|| Inch or Foot [428 Inch or Foot | a2 § 
3 ae 3am See 2am 
et fear a Pe 
0052 de 2552 | 3y5 5052 «| 64 7552 O14 
"0104 % 2604 | 31% 5104 | 6% 17604 91% 
sx | 015625 | || 34 | 265625 | 3 | 82 | 515625 Sit at] -795625 i 
0208 Vi ‘2708. | 3% 152 % : yi 
0260 fs 2760 | 3:5 5260 | 6,5 7760 955, 
tr |.03125 | % | ae /.28125 | 396 | 3 53125 636 | #8 78125 9% 
‘0365 G 2865 | 3% 1536 : ‘786 
‘0417 % ‘2917 | 334 ‘5417 | 634 "7917 9% 
wa | OAC 0D | gy 4? | g06878 | See | el eer | eee | caoot | ote 
: 78 : “8 + 8 F 4 
10573 fs So7e se '5573.—«| «64d ‘8073 9i4 
vz | 0625 34 | vo )-3125 | 334 | we | 5625 6 4 8] 8125 : 4 
‘0677 is BiTy | 33 iS 3 "8177 
‘0729 % "3229 | 346 5729 | 6% 18229 9% 
=, |.078125| 2 || 34 |.328125 | 345 | 8% | .578125 | 61§ | 42| .828125 | 938 
‘0833. | 1 (3353) | ase. ie '8333 | 10 
0885 | Irs 13386, | 4c 5885 | Te "8385 | 10 
#|.09375 | 136 | 44 |.34375 | 41% || 43|.59375 | 714 | a3 | .84375 | 10% 
0990 | 148 3490 | 488 "5990 | 73% ‘8490 | 10, 
"1042 «| 1% "3542 «(| 444 "6042 «| 714 3542 =| 10% 
z | 109375 | 14 || 23 |.359375 | 4,% || 32 |.609375| 7% || 88 | .859375 | 105 
Fl 3146 | 134) | 3646 | 434) | 6146 «| 734° | 8646 | 10% 
tos 11s 13698 | 44% 6198 | 7x5 "8698 | 10,% 
¥ | .1250 1% | 3|.8750 | 4% | 58 ee ia % ae 10% 
1302 | 12 "3802 | 4, 6305 % "880: on 
gaa | 154 "3854 | 454 6354 | 734 8854 | 10% 
140625 | 134 || 2 |.390625 | 444 | 44 | 640625 | 748 || §2 | .890625 | 1033 
ee ltaes ae | genes tanel  \ea5e 734 "| 18958 | 1034 
1510 |- 148 ‘4010 | 443 16510. || 748 ‘9010 |: 1043 
» |.15625 |1% | 43|.40¢25 | 4% | 24 |.65625 | 774 | ag] .90625 | 10% 
37 | 1615 ie ee aie | opise| oe | | OLS || tor 
1667 | 2 "4167 | 6 6667. | 8 167 | ail 
yy | 171875 | 2y || 2 | 421875 | Sry | 2 §TIST Sh a2 | 921875 | 11, 
Maz | 23 ‘4271. | 5% 6 M4 9271 % 
‘1803 | 2 4323 «| By 6823 | 8x4 0323, | ile 
e, |-1875 | 2M! | we |.4375 | 54 | 38 ae 8A 48 ee ie 
1927 | 225 4427. | 5s 692 Si 1942 a 
‘1979 | 23% 4479 «| :5 34 | 6979 | 8% 9479 ‘| :113% 
203125 | 2:7, || 22 |.453125 | 57% | 42) .703125 | 8% || gi] .953125 | 111% 
Pliers oi | aess [eis vos. | aia | 9588 | 1143 
"2135 =| 2 A6a5e, | Se 7135 | 83 9635 | «11,4 
«| 21875 | 254 | 48 |.46875 | 55¢ || 28|.71875 | 85 || 8] -96875 | 1154 
37 |"5040 | 2i4 | | 14740 | SIA] | -7240— (| 8E8 9740 | L1ds 
2992 | 234 "4792 | 534 7292 | 834 ‘9792 =| 1134 
13 
ug | 284375 | 248 | 4 |.484375 | 548 | 44 | 734875 i 98 984375 11 
2396 | 276 "4896 | 5% ae % A 
‘2448 «| (2]8 4948 | 58 7448 «| SIE ‘9948 ~—«| «1148 
4|.2500 |3 |%].5000 |6 | 341.7500 |9 1 | 1.0000 | 12 
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CARNEGIE STEEL COMPANY 


American Bridge Co... 


Angles, Back to Back . . 
Arches, Floor Arches... 
, 


Band Edge Flats...... 


Bars 


SUBJECT INDEX 


Pac 

specifications for steel structures.......... .-. 158-164 
sStandardéspeciicationss se. losses ose 4-57 
billet steel reinforcement bars................ 24-27 
poiler and fire box steel for locomotives....... 49-53 
boiler rivet steel for locomotives........ ; 54-57 
nickelisteelvstruchucaliaas: is nen aes eel 11-17 
SHIpUive biStCEl a ae meee ccc Ree einen ee eee 33-37 
structural steel for bridges.............<....- 4-10 

ss Oe re SOUS Ach eee ee 18-23 

ey ap or (Caramen elon eit pce See 38-43 

3 Ke locomotivess.. ees oie ne 44-4g 

Sh ieee ee SSO Sige toec sch 9 eye ee Pt 28-32 
standard wall and pier anchors.............. 249 
elements Of secuionsts. «eke as. lean ee 171,184-189 
profiles, dimensions and weights............. 90-97 
safe loads, explanatory notes................ 212 
SaledoadnGa pies is c1-00 se yctaneeicie eMac ane 236-240 
standard connections: 4... ...sse.2 so. ec. oo 246, 247 
structural details for punching and riveting . 252-254 
Lensionnvall Wess me = ser Sera See me ene 260-262 
radi oMeynatiOna. ni. cece ee eee ae eee 173, 200-202 
SONU A OSE oo kaon can sobbaGassauaes 326-328 
terra cotta, safe load tables and weightss )) oa. : 329-332 
circles, diameters 1 to 999................... 400-419 
CIICU Aa SOP THOT US weet fee ee ee 394-397 
method of increasing sectional arcas.......... 59 
Heat dreasOranmled. © Ana ibchok ot et ee ae 260-262 
DIS HOMIE UTES eet ty ate Eee eee eee 391 
rechangular sections. «....s17.5s00ee-eul ee. 116-118 
reduction of area for rivet holes.............. 254 
square and round: barss..esesse) ane ee 122, 123 
BUbUCtUrAlshapede «tee «eer toee brie ale ee 174-195 
SUITOR SOLS crt denen ieee ieee rane 398, 399 
NLS BO? S IVASTS rani eS ded 1 SESS Oot iaoon ae ca 114 
cold twisted square bars, sizes and weights..... 124 
concrete reinforcement bars, sizes and weights124—133 
eye bars, sizes and dimensions............... 150 
hanger bars, sizes and WEIR US te acer etreey nee oe Use; 
lattice bars, dimensions for columns soe: 162 
merchant bars, list of sizes..............._.. 114, 115 
rounds and squares, weights and OLCAS aise « ¢ 122, 123 


splice bars, profiles, dimensions and weights. .138,139 
standard test bars, see A. 8. T. M. Specifications 4-57 
tension values, rounds and BEUALCS screenees 263 
upset screw ends, sizes and dimensions.....,. .148,149 
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Beams, H-Beams....... 
Beams, I-Beams...... 


Beam Columns....... 


Beam Girders 


Beam Stresses........ 


Bearing Plates........ 


Bearing Valu 


(2): ee 


Bending Moments..... 


Bolt Heads and Nuts... 


Buckle Plates 


Buckling of Webs..... 


Building Laws........ 


Bulb Sections 


INDEX 


Paces 
SCONES eamisiere, aan nia: Teme n OR corn 71, 179, 230, 296 
bending naoments tables mie. ce sealer ae 219, 220 
COMMNOMMGUIMENSIOMSt aman. watson 60 
details, connection angles.......... Sys Memticatays 246, 247 
“ bearing plates. SNOUT Nayar els Saeko ohana he 250 
oN SOD AL AUGOUS ae Arseraaa ny tice oeeetecey syana sores en the $e 248 
is standard gages for punching........ 243, 244 
CLEMENTS: OF SCCHLONSS Nenaes ces nisi aie etre 170, 174, 175 
grillage, notes and calculations............... 264-268 
profiles, weights and dimensions...... ewes Olen) 
safe loads, explanation of tables...... ...212-218 
SarevOaGuGalbles ane nie tere eye ey ers ae 222-229 
WeEDRMesiSuAIte Oia lOc meen Rann mry ten me nae 219, 220 
SoretOacl Galesew.- a crsateusersdseusne vaio srare seo ane 296 
OXNPLAM AVON: MOUCS a awayews mareeteneteis occas) oe ee 269 
BAledoac ta legis -cpeneetutste se aeuegevae cs eocussc. et Re 2105201 
explamavory MOUS nss1 4 ss eee en 203-205, 212-218 
DEN CINECSURCSSConn tac eent ae Rae ee re ae 203, 204 
UCN Is ULESSOSE wesw, Glee ter eenie Caceres hee oe 216, 217 
Gelecciousmlaucca ls sermon eer ae 160, 204, 214 
Me IVOTUNC As eee suit ere eees nin ace a = ee 208-213 
flexure formulas for various loading conditions. .206—211 
LIMP ACHSLTESSOS seamen ot AEM eorie hc henuomi aan anes 214, 215 
shearing stresses, longitudinal and vertical.203, 215, 216 
tensile and compressive stresses.............. 204 
eExplanavornvanOvtesmen unis cuieeiece ain steerer 250 
SALOsPESLSUANCO seat meres mre aereten ers aviesensiceaneten tore 251 
Standardworwoeaims sess sete ainiees see area 250 
bins and rivets, explanatory notes............ 255 
DUNS Toa MleSeamnseemacrs chee c ch eee ease ee ese eee s 258 
BIVICUS ba leSmremmenae erence artes eienaeet cists ciereneneaeie 256, 257 
Ghgomeiionay WOWES..g:65 om conn ood ooo ade ne 5 203 
DEATAS GS DIOS trnpaem meters tain slies otenece eis rseeortenete 219, 220 
Chammels: iCal lOsanwver-geeme persia nceors suave ates ee ieenee 221 
DLS GAD Os ne, ceeens watene Mee een enc. ercvton ron oeetoe 259 
various loading conditions, formulas.......... 208-211 
SANGALO CIMA OM SLOM St were es lene cre aust sures cueltie oe eis 144, 145 
screw threads, standard dimensions.......... 144, 145 
weights, bolts with hexagon heads and nuts... 147 
weights, bolts with square heads and nuts..... 146 
Siena Gy gel xo bkouveatcitarlshn.qnonen oa baoe OS aac on 5 144, 145 
NAS) Eo8 UNIS: OER Re) SCRE EPO e CET eT ec Oe RE 146, 147 
OX PLAN AVOVVMMOCOS aie ceretsre oy simekteens sccieces een suisse 340 
SalO Load GALS gr stasesetere +m csivccltate ibeas helen sevec tein seers 340 
SIZCS AMG GuUIMENSIOMS cyaie cis vie se mieise so ers yeti 341 
OX PlAM AL Oy  MOUOSign aspeaisiencidtats Gacy arse tienen cc 216-218 
web resistance of beams and channels, tables .219—221 
extract, from building laws of various cities... 324 
bulb angles, bulb tees............... 72-80, 179-183 
bulb angles, elements........ Sn ee ae 180-183 
va «profiles, weights and dimensions... 73-80 
bulbbstees; ‘elements. Gavye sek ces cs cie es rao OCI 179 
Ys = “* profiles, weights and dimensions a2 
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CARNEGIE STEEL COMPANY 


Paces 
Cast Iron Columns .... allowable unit stresses.............0-e0--e 320 
hollow round and square, elements........... 198, 199 
se ee ef al Sale loads. s+ ets ster. 321, 322 
Ceilings)<.2.5+ .5 5 ... deflection of plastered ceilings............... PaaS PANE 
WEIS MGrOl Coline se nc ie och steele aes eile 332 
Center of Gravity. .... see Neutral Axis.................. 165-171, 174-197 
Channels, Ship and Car. elements of sections. .............0.c2ececue LT, Lis 
profiles, weights and dimensions............. 85-89 
Channels, Structural... bending moments, table.................--- 221 
COMMON CimeNnSiONSs+.4 ssa se eee eee eee 60 
details, standard gages for punching......... 245 
ClOMenits GE SSeCtlOns se eee see a aces SL Oe Leases 
profiles, weights and dimensions............. 81-89 
safe loads, explanation of tables.............. 212-218 
saleloadttaiblestae, sei seaee toh ee ace eee 231-235 
web wesistance, tables. ses.cs...cs.eeeaeauene 221 
Checkered Plates..... selementgandisaleloudsessw sss ssc aeeeceeee 344 
profiles, weights and dimensions............. 110 
Girclesiet ies noes. ssa +. areas and circumferences, dia. 1 to 999...... 400-419 
properties Of thecirele,.. 225... ...-..eeeee.t 890 
Circular Plates ...... . xtreme sizes, Carbon steel. .......+<ca+.cc«- ale lg a ba 
Circular Segments..... areas, tables of coefficients.................. 394-397 
Clevisesti ce wlvcid asics AISEZOS AMC WelsHtse sym ck wee ole care ee 152 
Coefficients ......... HEICULAT BESIMOMES ee. Senos We ele ws aes oe ae 395-397 
deflection under uniform load................ 213 
expansion due to heat.................0000. 377 
Cold Twisted Squares... sizes and weights....................eccec 124 
Columns, Cast Iron.... allowable unit stresses...................... 3820 
hollow round and square, elements........... 198, 199 
a ne ss OS saralord see eee 821, 322 
Columns, Steel ....... explanatonymotesscoc mao ees ae eee 291-293 
calculation of elements..................... eS alee 
oe SS SULOSSES un Aor ee eae ae 293 
compression formulas), oo. 2... s...255ec.0. 294, 295 
elements, angle and plate columns........... 309-316 
= channel and plate columns......... 297-308 
om miscellaneous beam columns........ 296 
safe loads, angle and plate columns........... 309-316 
os “channel and plate columns....... .297-308 
ge *“ miscellaneous beam columns....... 296 
typical details for mill and office buildings..... 317-319 
Columns, Wood....... allowable unit stresses...................... 367 
square and round, safe loads................ 368, 369 
Compound Sections... . Calculation of elements .....,.............. Deletes 
Conerete, Masonry. .... strength, unit fiber stresses.................. 376 
specific gravity and weight.................. il 
Concrete, Reinforced... explanatory motes: cesses et ne Wee oOOmoos 
beams and slabs, formulas............ AOI 333-336 
bending moments of slabs....... Shes ona Sie 338 
Colummenforiiulasee| eine en eee c 336 
reinforcements, deformed barssiGte. .cshietecce 124-133 
os round and square bars....... .122, 123 
oH triangle mesh........ eect ante 339 
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Connection Angles... . - 


Construction Specif’ns.. 


Conversion Tables..... 
Corrugated Plates 


Corrugated Sheets 


Cotter Pins 
Cross Tie Sections 


Cubes and Cube Roots. - 


Decimal Table......-- 
Deflection, Lateral..... 
Deflection, Vertical... . 


Deformed Bars..-..-.- 


Elasticity 


Elements of Sections... 


Equivalent Measures... 
Expansion, Heat 


Tireprocf Floors 
Flat Rolled Steel......- 


flexure of Beams 
Floor Construction... . 


Floor Plates........--- 


Pacs 
Stancardal OrsDOAlWIs nen cate ere cena cars ae easel Pade s 246, 247 
American Bridgev@Gompanyen.a..6ss...+5 06 158-164 
measures, metric and U. S. Standard....... . 378-389 
ElOMeNtSiOMSCCOLONS eds ei acetates ote nepal 194 
profiles, weights and dimensions............. 109 
assembled sections, elements and safe loads. . 343 
ORDILAM AGO MOUS eke eete eee el ere we ales eee) eh eliolle lel aie 352 
STZOSLONGL WLC TUS treet lacunae, gf eis) a. sere we uspeis ce 353 
SIZESLATCAGUMACTISI OMS ree eretsnenatets se5) oe atte one ettos = 154* 
GlomentsionseCuLOMGune: ciceeaa sn) = ay siale erst aes 198 
profiles, weights and dimensions. ..........-. 134,135 
Rake load cual les were meine earns iste tase ctene oi cm 230 
Falbuaal ove acy ll qi) Coe ae Oo oc o-d Acie ep ho bocce 400-419 
equivalents of an inch and of a foot.......... 429 
explanatory notes and formula.......... 160, 204, 214 
ExpPlanavory MOLES te mente satel cre erelere te 204, 212 
coefficients, calculation and table............ Alles 
coefficients for beams and channels . . 222-226, 230-233 
limit for plastered ceilings. . PNP) 


formulas for loading under various Godaitions, 208-211 


BIZEStAMCs Wele Users ea amu r si eaieeanie <henetel cuenetenenst ia 124-131 
elastic LimGlot SUDSUANGES: «jac. une ees te es 374, 375 
modulus of elasticity of substances. . 206, 359, 374-376 
Oxplamavory: MOLES. vs. ee yee oe eee 165 
formulas for calculation of eloments.......+.. 166-173 
SELUCTULALSMADES suyrisian ets saya aie ten eines ee tue 174-202 
MOetriGrand., Wess. SUAMGALG. 7 ciee sie 0 sy vi cree © 378-389 
TAblelon Coc Clombs me ar ei lees aula ee rier= erenerales SLG 
sizes, dimensions and weights..............-- 150 
concrete, reinforced concrete. .....-..2+++55- 376 
masonry, StONE....- 6... eee eee te eee eens 376 
Fede tS Ce NULONSIe ato. 0 Oba SuNOlo cc PooR nn meetibeo Ong urea 374, 375 
miscellaneous substances.........++sseeeeees ai8 
in oeubleal WCU lean pom eo so mood oe IOpe 158, 159, 37 
Snob nolaa minh, 5 oo nahn oO ome utmaneon ote mod As 
SeeMklOOr © OMSULUCHLOMS merase ct sila etn 323-339 
HAS GIOLASIZ OSes crete ates ee ersee sor oier so orensnyiel erate > 111-114 
Galles Of Wels Uses ae ci ctsi) selele sisi liebe telalieste 119-121 
explanatory notes and formulas...........--- 203-211 
explanatory notes..... 6.21.1 see see eee ee ees 323-328 
fireproof floor systems......-.-+++eeeeeeeee: 325, 326 
live loads, various building laws.......-..--- 324 
reinforced concrete beams and siabs.......... 333-339 
terra cotta arches, safe loads and weights..... 329-332 
MLUSt UM ALCHES tee cie slate seals lete ost e ore severe 326-328 
DUCKIC plabesiacus seuiit siemens rin ernie cranes? 340, 341 
checkered plates... 10... 2+ eset reece ese eres 344 
corrugated plates, assembled. .......+-++++- ; 343 
342 
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CARNEGIE STEEL COMPANY 


Formulas.......... 


Gage Variation...... 
Girders) «5 ..6s.004+5 


Grillage Foundations .. 
Grips of Rivets ..... 


Impact Stresses... .. 
Increase of Sections ... 


Lateral Deflection. . . 
Lattice Bars......., 
Liquids: <..2.3.5).. 


Live Loads, Floors ... 


Logarithms . . 


Longitudinal Shear. . 
Loop Rods......... 


Paap 
-. bending moments and deflection............ 206-211 
elements Of Se6GblOnsia) sie eas ore oie ae 166-173 
geometric and trigonometric....... 390-394, 398, 399 
roof trusses, stresses and length of members. .348-351 
stresses In beams, bending...........+:.<«.. 203-205 
oe ss * DUCKING AES: ficise aetna e 216, 217 
PE eeh RAY LIVED CUR casts ter ateye a sem atthe 214, 215 
ES a aS SING ATTY wees re See sen hates 215, 216 
stresses in columns, Gasburon. ©....:.++<+..es 320 
: oS ve structural steel........... 294, 295 
$f SS “ structural timber......... 359 
stresses in bearing plates and steel slabs. . 250, 264, 265 
Hes aabheell oleic MOMS No Ie Ae oe es ANS eae oa 400-419 
GHIS ONOMECLIC cant ee oti ee 420-425 
.. Specific gravity and weight.................. 370 
po. toed Kets iRehe TONER sO 5 AW eo ene coc dn arn. 246 
Deams lorponchinio ewer eee ee 243, 244 
Birmingham wire gage.........:............ 426 
channels; FOr punehine en. eles. oe eee 245 
comparative table of various gages........... 428 
United States standard gage................ 427 
.. Steel plates, see A.S. T. M. Specifications... : 4-57 
=) OPI AM abORVeNOUCG. 5 sleet. ach sen oe 269 
angle and plate girders, safeloads............ 272-290 
beam and plate girders, safeloads........... 270, 271 
elements of compound sections.............. Uhl Ale 
Sullagextoundaitonsas see see eet eee 264-268 
explanatory notes and calculation............ 264-268 
J lene OL teld ri vetan ce ome ee natn 156 
-- beam safe load tables...............--c..... 230 
column safe load tables..................... 296 
elements/of sections: =< +4s.0s2-0e sl olen 179 
profiles, dimensions and WICIZLGS career aero Zéal 
Test OMSIZOS trot eer tore teen te ee 115 
ne ISUNOD SIAC Sessa usr ateseas eae Pat ce eee ae 115 
-- rounds and squares, elements............... 198, 199 
Casunron) column sie. ae ee ee ieee ene 320-322 
SOIT ON INT onion coonadantne sovceacooes: 214, 215 
HOLS SVOTOL ONTOS coon oondencae anne dances... 59 
-. explanatory notes and formula.......... 160, 204, 214 
-- dimensions for columns..................... 162 
-- coefficients of expansion.................... 377 
specific gravity and weight.................. 370 
- building laws of various cities............... 324 
So NU eS TI WSO) 5 cso ocanouseecacae Di cara 400-419 
-- explanation and formula.. .........., ere Low ote 
++ sizes and dimensions. ©. 0.0.0.0 e. ss ssc cecs: P5oL 


= 


INDEX 


Pace 
Masonry and Stone. ... coefficients of expansion, .....6.. severe AA 377 
specific gravity and. weight: jriac.c.<0s6 +s 2 ss 371 
strength, unit fiber stresses............. ; 376 
Materials....-.------ coemicients/Of EXPANSION... .....502+0.+0 be StL 
specific gravity and weight.............. . 870-373 
Stren eth UMIh, MOE SULCSSESIs - .ciets oe sis ies er eee 374-376 
Measures and Weights.. equivalents of U. S. and metric........... 22 378-389 
Mensuration.......--- mathematical FOrmuUlas:. ccc ewes «ea ec ee o-8 3 390-399 
Metals and Alloys....- CoOeicients' Of CXPaNSiON 6.066 oe «2 cs cs) eees Blt 
specific gravity and weight.................. 370 
Screngoh, umibshber SUReSSCSia. cee vce sete enels ss: < 374,316 
Metric Tables........- Welehts and AMeCASULES . auecisue lees ese) ip = asl 378-389 
Minerals ........----> specific gravity and weight.........:...++0.. 371 
Modulus of Elasticity. . various substances.............++.. 206, 359, 374-376 
Moments of Inertia... . definition and formulas...................5. 165-171 
structural sections, tables, ......+5015+se+00- 174-197 
Neutral Axis......--> oksvababumtoyavroyel items) Oa rsaa anos qenaoo ors as 165-171 
structuralishapes, Uaples).. wkawwee os ae esi sie iss 174-197 
PNGIG825.. cc wsseeues Baeieaiene GimensionslanG wielshitge nm cuiesre ess esos ce 144-147 
recessed pin nuts, sizes and dimensions........ 154 
sleeve nuts, sizes and dimensions............. 153 
Nut Steel Flats.......-- (hEAD Gil Bitsy Abe hoo GU bo Daas ano o mcd om uEan 114 
Octagons....-----++-+ HS PeN ea CAG Se Bey aceon Rn Chara arene cha ep ee CREE LTR yar 115 
Ordering Materials .... general ATUSUEUMCTIOMS 2 sin yale seestsnel ee oewice alee! be mae 58 
Piling, Steel Sheet. . explanatory MOUES «66... cee ee ees te ee 354-356 
elements, rolled and assembled sections...... 194, 357 
profiles, rolled sections ...........-.+ssesees 108 
| RAY hy ih eta cemanl ceeseser nocd explanatory MOtES..... 2... eee eee ee eee 255 
bearing values, tables.............-++sseeeee 258 
bending moments, tables...........--.-+++4- 259 
cotter pins, sizes and dimensions............. 154 
Pipesyhmnse sae see black and car ARETE terete ee ores Eos gh CONG 142, 143 
Plate Girders....-.--- see Girders.. 173, 264-290 
Plates, Flat Rolled Steel. extreme sizes . .111-113 


Pilates, Floor Plates... - 


Plates, Wall Plates... . 
Profiles of Sections... 
Punching 


Purlins 


carbon steel, sheared, sroctaneular aod cireuiay 111,112 


“universal rectangular........-- Lalit 
nickel steel, sheared, rectangular..........- 113 
“ universal, rectangular......... 113 

buckle plates, explanatory notes and sizes.... 340, 341 
checkered plates, elements and safe loads..... 344 
s * profiles, weights, dimensions 110 
corrugated plates, elements and safe foads ....194, 343 
oe “ profiles, weights, dimensions 109 
trough plates, elements and safe loads........ 194, 342 
Ms . profiles, weights, dimensions... . 109 
see Bearing Plates..........ees eee eeerceees 250, 251 

. dimensions and weights........-.++: 61-110, 124-141 
. details for punching and riveting..........--- 252-254 
construction specifications........+.+++: pie Pct 163 
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Pagan 
Radius/of Gyration=— « .detmivlon asi aiere aieternee ni encie eine errs 165 
angles back to back, tables............e.e0:: 200-202 
formulas for elements of sections............. 166-173 
siruchuralishapes tables. onasecm a. s see todas 174-195 
Rails: caccts ccs each elements of A. R. A. and A. S. C. E. sections 195 
profiles, weights and dimensions. ............ 136, 137 
Rails and Accessories .. weights and dimensions..................... 140 
Rail Clipsi wae eee profiles, dimensions and weights............. 141 
Ratio of Slenderness:. «definition... ..s...0202205.esecasseueceeeule 291 
unit stresses for compression formulas........ 294 
Recessed Pin Nuts...... SHAS Speia fo Mra lignaYevals| (OVS oO, 3 in oa Hee coun on + 154 
Reciprocals .......... MIULTTADETS HOv OOS 4c enh mete se eee ee 400-419 
Rectangular Plates .... extreme sizes, carbon-and nickel steel........ 111-113 
Rectangular Sections. |alOAS a eras ee ne ie de. eee eee 116-118 
idalo yaa ianes GOMER, eae Oe Ae eae semen oa 196, 197 
Reinforced Concrete ... see Concrete, Reinforced........... 122-133, 333-339 
RIVebIN So csrehel, «ts construction specifications................... 161, 162 
details for punching and riveting............. 252-254 
IRIVGES ste oss sneee sueeonss a6 QVEAS OM TEVe bull Ol Oca ete ee tee ee a eee 254 
CODVENDONAUSI FISH ede ee aces ene oe eee 252 
GUM CNS ONStehs weet at: See okay i ae aE 155 
dong thsforvarioustenpses aoe ne oo) le ee ae 156 
stresses, shearing and bearing values......... 255-257 
structural details for riveting................ 252-254 
NREL ES LER Oey OE nC eee, ee ee ek 157 
RROOfS se) ocersiat arsicre ieee explanatorynotess.maeeceaciem .<. cee eae 345-347 
live loads, building laws of various cities ..... 324 
Show and owincdloadshry cc eeisem oceans aoe 345 
trusses, stresses and length of members....... 348-351 
weights, roof covering and roof trusses........ 346, 347 
Screw Threads........ Franklin Institute, U.S. and A.B.Co. standards 144 
Section Modulus...... definition and formulasesaas0e. s...00.. 00) we 165-173 
SUG UN EET En na daatneod obosnonbenscns 174-195 
Segments, Circular .... coefficients of areas......................... 395-397 
eparators 4 oe oe ShanGancetoni Dea mic seri ti en a eee 248 
Shearing Stresses... .. longitudinal and vertical............... 203, 215, 216 
Sheared Plates........ extreme sizes, carbon-and nickel stecl........ 111-113 
phoarwis Values, Rivets. tiblesinn «a.%<. dace oe cai bee lo bok ee 256, 257 
Ship and Car Channels. see Channels, Ship and Car.......... 85-89, 177, 178 
Wlsel pyre versus 50 fate List OLSIZGg tay Ee i. pee han he eee ie 114 
Sleeve Nuts.......... SIZGs) an Cece nsions enw epee) ee nen 153 
Snow Loads.......... NOMS CHING) WHOIS Io Osco G oe eandheaoaedenonnn - 345 
Specifications ........ American Bridge (OOMODN GG nok on meno oda hues 158-164 
American Society for Testing Materials....... 4-57 


Specific Gravity 


Splice Bars........., 


Square and Round Bars 
Square Edge Flats..... 


Squares, 
Strength 
Stresses 


Square Roots . 
of Materials. . 
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INDEX 


Paap 
GOR yy. sae ve ioe) oie ener sreps elements Of S6CUIONS! sat. wee ssi s/s ee 171, 190, 191 
profiles, weights and dimensions........ sees. 98-105 
SALelOAaAl Valles sve srecata eaeyatonielsekaiete set enat eon 241 
Terra Cotta........... arches, ceilings, furring, partition, roofing..... 326-332 
Test Barsics ste easchses standard, see A. S. T. M. Specifications...... 4-57 
Mh reads tie aa aie repenaicsee lenstagot bolt; Gare adsinaantae..ccweeisrar crelere ein 145 
standard dimensions of screw thread......... 144 
Thrust in Arches...... CMeECHM TOOrCONSUTUCHION 2. ste «8 esis sesnere 326-328 
HUeol Mayi Fe op oo a eno ervesnevchael WON Nis coon eocoGoun no ooncan oc Gas 249 
MOMMA 5 iat dn a bOlG OS OG nmin oa SiG-t. ce 328 
Timber, Structural.... A. R. E. A. unit stresses and explanatory notes. 358, 359 
beams, deflections, limiting loads and spans,. . 361 
i Exp lAMALOL VO UCS a everett ner aeea neers 360 
SATS TOA MbaADLOS a cuteereceeiaieLe mice Cys eis cove ce 362-366 
coefficients of Expansion... . 6... 6.0..6rerens Biers 
columns, explanatory notes...............-.- 367 
i Sale LOAG Ales. tacks e eieaee orcas 368, 369 
specific gravity and weight...............++- 370 
Triangle Mesh........ Concrete reinforcement...............-- Ras 339 
Trigonometric Formulas functions of angles and triangles............ 392, 393 
Trigonometric Functions natural... 2.6... 0. eee eee ee eee ee eee 420-425 
Trough Plates........ BlemMentS OF SSCHIONE. . d.c <5 nas Geen aie meee 194 
profiles, weights and dimensions. ..........-- 109 
riveted sections, elements and safe loads....... 342 
Trusses... .. 6-02 + soe explanatory NOES... ... 6... eee ee eects e ees 347 
stresses and length of members.......... ... o48-351 
weights Of trUSSES «0.0... 2 ester eee eens 347 
Turnbuckles.......... size-and GiIMeNnsiONS. «.t0s2cs00+ eas + ese 153 
Unit Stresses........- see Fiber Stresses............. 158, 159, 359, 374-376 
Universal Mill Plates... extreme sizes, carbon- and nickel BUCCli.s <ccstes- AMS 
Upset Screw Ends..... square and round bars.....---++++eseeeeees 148, 149 
Vertical Shear.......- explanation. «2 .cee ss est ne ees we eee 215 
formulas for various conditions of loading ..... 207-211 
Volume and Surface... SOlidS. «1... eee ee eect e e eee ete eee 398, 399 
Web Resistances...-... beams and channels.........+-++--+-esssees 219-221 
Weishts..52 5 2.0 -ttea cr flat rolled steel, tables........----++eeseseee 119-121 
TOUNGS ANG SQUALES. 2... ve eee we ete se 122,123 
SVs ro onsion Ho asage an meteor be Ooo 61-110, 124-141 
various substanceS........2.0 cece rere reese 370-373 
Weights and Measures.. metric Phaiel (Oly sy ieebelosNeol yao bn ome com oo tmed Io 378-391 
Wind Loads, Pressure.. building specifications of various cities....... 324 
TOOLS AUG ULUSSCS) wate ens eee wee ee 345 
Wire and Sheet Metal. . standard gages. .....-.-+ sss errr erect rarces 426-428 
Wooden Beams, Columns see Timber, Structural ......--.++++-+- wn. 2300-367 
Wee Baranruccia nie weten elements of sections.........--+e+esee ere res 170, 192 
profiles, weights and dimensions.......++.++% 106, 107 
safe load tables........-2++eeeeerseeeseees a 242, 
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PRODUCTS 
Pia TRon anp Furnace Propvucts 
Frrro-MANGANESE AND SPIEGELEISEN 
Oprn-HBARTH AND BESSEMER STEEL, ALLoy STEELs 
Incots, BittuTs, BLooms, Stass, Soent Bars 
ARMOR AND VAULT PLATE 
PLATES ror Bripazs, Suips, Tanks, BorLErs, AND Cars 
Routep SrructuraL SHAPns 
BEAMs, CHANNELS, ANGLES, TExEs, ZnEs 
Stent Minz Timpers anp STEEp SHEET PILING 
Bar Mint Propucts 
Concrete REINFORCEMENT Bars, AGRICULTURAL SHAPES 
MISCELLANEOUS AND SPECIAL SHAPES 
Evectric Toot StrEzs 
MeprcHANT Bars 
Squargs, Rounps, Haur Rovunps, Hexacons, Ovaus, Haur Ovats 
Fuats, SKELP, Banps, Hoops, Corton Tins 
Hoops ror Stack BARREL CooPERAGE 
TIRE AND VEHICLE SPRING STEEL 
Track Marprian 
Raits AND Sprrop Bars, Duaunsne Ratr JoInTs, 
TRACK ACcCESsoRIEs, StreL Cross TIES 
Foreines 
STanDARD ForGEp anp Heat-TREATED AxuEs 
ConneECTING Rops, Crank SHAFTS AND ArcH Bars 


WHEELS AND Gwar BLANKs, 


AUTOMOBILE FLYWHEELS, Pipp Fuances, Saarr Covuriinas 


Locomotive Pistons 


DERRICKS AND Drituing Ries 
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WORKS 
COKE WORKS 
Clairton By-Product Coke Works................ Clairton, Pa. 
Barrell By-Producti Coke Works, .....02.9+4.4..6 Farrell, Pa. 
BLAST FURNACES 
G APIO PH GIN ACOS teeta se aveety eens son ee ee tices | eens ee eae Rankin, Pa. 
NU GGME MNUEN AC Ovarennewr f ur eon aeweentce nse an soem me ners Pittsburgh, N. S., Pa. 
Sa bellaci iTmaCesinyettecgers eiomas cs con oe sie wince rere Etna, Pa. 
DURGA IN OT gaat cy nes etn pee en pene to oe a on en ane Pittsburgh, Pa. 
ENG VASA Uist a COmctew. Tare, Bray tesco @ ranean three hon eerkens Neville Island, Pa. 
ENGI SST TITAC OMe e etcetera een die Sec ee er Niles, O. 
SteulbenivallemummaGeicss. ce sate ces cecisue orceetensenbee ears Steubenville, O. 
AMES LO MES INIT OF cc aes can s/n tse sacenreicci sas) Bae mais etecslis ear Zanesville, O. 


STEEL WORKS, FURNACES AND ROLLING MILLS 


Bellaire Steel Works and Furnaces...............Bellaire, O. 


Clairton Steel Works and Furnaces.,............Clairton, Pa. 
Columbus Steel Works and Furnaces............. Columbus, O. 


Duquesne Steel Works and Furnaces.............South Duquesne, Pa. 
Edgar Thomson Steel Works and Furnaces. ......Bessemer, Pa. 
Farrell Steel Works and Furnaces................Farrell, Pa. 


Homestead Steel Works.............0---02+-208 Munhall, Pa. 
Mingo Steel Works and Furnaces................ Mingo Junction, O. 
New Castle Steel Works and Furnaces............New Castle, Pa. 
Ohio Steel Works and Furnaces................. Youngstown, O. 
Sharon Steel Works and MFurnace................- Sharon, Pa. 


ROLLING MILLS 


GaN INS) cterate terest e cteusne ts aeoo une tua mentaines Sara sus Pittsburgh, Pa. 
EGreenvillonNiill Setascieter neni eeeRee rare eee alert ea Greenville, Pa. 
IWic @ulcheOneNV ill sneer ee en een ee LUC SOU aN inn Seba 
“IMBSID Yo neiicl Sie IM MIIE RS A Seanad goes ame aod woe 4c McDonald, O. 
Monessen Mills....... OR Aer Rts te, Ae een ne an OSs Monessen, Pa. 
Palmber mV isin reucnsosier fckesaereaiee eco er Gcrer + auciasesme are Pittsburgh, N. S., Pa. 
(Oa SOUT anit NINE, Gage gonos Bea cee on uncom bony 76 Pittsburgh, Pa. 
TDroryaer® Lohablciak IM BUNS 55.67 6 tho ees moots BE .cd)p-< Pittsburgh, Pa. 
(Uisyeree LUiabt oie IOUS ao ph bobo ocosmoen one oeansos Youngstown, O. 
IOS Whar MOU And Geo btes 5 Baan Ome UG fees OUNSS LOW, oO. 


FORGE AND WHEEL WORKS 


row ard eAcklos WiOKKSi aie armene stint aie ees -iraene at Homestead, Pa. 

Sehoem mteel wWineel WiOUKS ene taaae ce ee wie McKees Rocks, Pa. 
WAREHOUSES 

[Bal piIMonomVWialenhOUsene testi. asrriers cme armoire te Baltimore, Md. 

@leyeland aWeavelOusceae cri acne cd- stent Cleveland, O. 

New Emgland Warehouse... .......4.-2.5-++:5- Allston, Mass. | 

Pittsburgh Warehouse. ......0.-26.- 6.2222: Pittsburgh, Pa. 

Waverly Warehouses........-.-- +--+ esses ee eeees Newark, N. J. | 


CARNEGIE STEEL COMPANY 


OFFICES 


GENERAL OFFICES: 
Pittsburgh, Carnegie Building. 


DISTRICT OFFICES: 
Birmingham, Brown-Marx Building, 
Boston, 120 Franklin Street, 
Buffalo, The Marine Trust Company Building, 
Chicago, 208 South La Salle Street, 
Cincinnati, Union Trust Building, 
Cleveland, Rockefeller Building, 
Denver, First National Bank Building, 
Detroit, Ford Building, 
New Orleans, Maison Blanche, 
New York, Hudson Terminal, 30 Church Street 
Philadelphia, Widener Building, 
Pittsburgh, Carnegie Building, 
St. Louis, Third National Bank Building, © 
St. Paul, Pioneer Building. 


EXPORT REPRESENTATIVES: 
UNITED STATES STEEL PRODUCTS CO., 
New York, Hudson Terminal, 30 Church Street. 


PACIFIC COAST REPRESENTATIVES: 


UNITED STATES STEEL PRODUCTS CO., PACIFIC COAST DEPT, 
Los Angeles, Jackson Street and Central Avenue, 
Portland, Selling Building, 

San Francisco, Rialto Building, 
Seattle, Fourth Avenue South and Connecticut. Avenue. 


